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N . - CHAPTER 1 - = - ‘ -

. Introduction s )

4 - 1 ' B . . 7
’ - %

=~ \' N The Computer—Ass1sted Tegcher Tra1n1ng Sy;éem (CATTS) is concepfua11zei

as a closed- 100p cybernetlc system capable Qf prov1ding,cont1nuousﬁ 1nstan-

taneous and/or delayed feedback of relevant teacher pup11 fnteract1on data

[ . -
« a

t toa fralnee 1n the classroom in order to modify behav1or through_regulatory

;

»teachlng moves.r These moves are designated in accordance with(predetermined

training objectg\}es. The system is designed to produce a cosf-effecfive

‘v

N - - » * - ’ ‘ - - -
* means Of collecting data from systematic observations and real-time analysis,

storage, and feedback’ of information relevant to pupil-teacher.interactioh§
‘ 4 ’ * e :
in Spec1a1 educatlon congexts Feédback can be’provided through instantan-

4 >

¥

eous - v1sua1 dlsplay in the classroom or through hardcopy computer pg;ntout v
s b -~ , -

1mmed1ate1y follow1ng an observed teaching performance. The-system perm1ts

{ s
rapid analys1s and accumulat1on of stored data within and across\teaching S
‘ s ‘.

s1tuat10ns CATTS also prov1des a computer managed techn;que for bu11d1ng

'

- and adaptlng obéervdt10n systems, and an-efficient eans for\tra1n1ng_
reliable observer-coders. The system is designed for application in“both
. ~ A ' R G

'

2 Vi i ; N ‘< ) el :
Vpreserv1ce and ‘inservice teacher-training contexts. It can be used within '
. P : .

2 teacher edication 1aboratory on a college or univer51ty campus, or

)

directly in pub11c school/tdassrooms din the commun1ty Computer~access is .
_ava11ab1e through d1rect on b1ne,1n2?rface TDUCH TONE telePhone interface -

from remote locauions, or through portable data collectfon dev1ces called

&

DATAMYTES .

Rationale

e
- .
3

P

+ The application of computer technology offers a- promising solutioq to

’
"

i

~

a number of existing limitations in the use of systematic observation: .
. > 4 _ \: - -

techniques in teachkr. education~programs. Special -educators are -currently

‘ - SRS '12\' . /




R _", K 4 , : ) » ‘\‘. i .

» exploiting opportunities afforded through recent advances in technology ' .

" s . l

Appllcation of computers in spec1a1 education is broad 1n scope,Jranging

03 -

from direct computer—a551sted 1nstruction¢(CAI) of hand1capped pupils

(Stolurow“lQﬁd), to ongoing branched CAI special education courses at
A" \ R
4ﬂthe Universityslevelt(Cartwright Cartwright § Rob1ne, 1972), to state-\'

o

,wide computer managed currlculum objectives and materials retrieval

N

.systems for practltioners in the freld (Noff51nger G’Daiker, 1973)
Undoubtedly, as Such efforts progress and cost factors are controlled the'_‘

) fleld w1ll be faced w1th thb reality d% a technokoglcal revolution in.
specLai education w1th1n the coming decade. E B - .

In the1r work, Cybernetic Princlples of Learning "and Educatlonal .
N ©

v:De51gn,”Karl an Mazgaret Sm1th (1966) base the1r approach to human 1earn1ng -

¢

g '\ \:\
~on the: f1nd1ngs Qf‘ arly researchers in human engineerlng. .«The Sm1ths
.
'argue conv1nc1ngly for a cybernetlc 1nterpretat10n of behav1or--one quite

' . 2 3

- different from conventional theorles of learning. The cybernetlc approach

3 ~

a

is a "general thegry of behavior organization wh1ch . ;_. views the

¥

1nd/;idual as a feedbdck system which generates 1ts own act1v1t1es in )

-order to detect and control Spec1f1c stimulus characteristics of the 7
= C '

environment" (p. vii}. CATTS is currently conceptualized as a/closed loop ,’/
",

cybernetic system wh1ch prov1des immediate feedback of relevant teacher-' .
. é‘ ’ "'-n';
pug;l interaction variables to)the té@Chif t%%lnee. This allows mod1f1catipn

k|
of trainee behav1or to be realized through regulatory teaching moves in

’
-

accordance with a predetermined strategy, thus c¢reating the de51red
classroom environment {(Semmel, 1975) The system enables a trainer to

’stipulate clearly~those elements or patterns of teaching behav1or which

He wishesfto’develop as goals for training. Realqtlme“feedback of

"performance 1s prov1ded to the trainee so that regulatory behavior may

”
3

" be 1n1t1ated toward estébllshing a de51red classroom learning env1ronment
Ty, .

e : -. ; ' l.g' . 'h N



v o . ‘

forfthe pupils. The trainees' progress toward achigving objectives can
_,beisystemetically and cumulatively tracked and evaluated byfthe computer's -,
}.analytic and memory. storage capabilities.

The Importance of Immedlate Feedback SN

°

i Assumlng a. methodolog1ca1 sophlstlcatlon whlch permits the measurement -
. and feedbaqk of results of tra1n1ng concurrent.with the performances of

tralnees in practlcum settlngs, there arises the questlon of the ab111ty :
- of trainees to utilize knowledge of results while simultaneously being

. engaged in attempts to practlce spec1f1c teaching skills, The work reviewed-
by Broadbent (1958), and Swets and Krlstofferson (1970), offbrs some
theoretlcal and’ emp1r1cal support for the contentlon that the human adult

has the requ1slte 1nformat10n-proce551ng competence .to recode Slmultaneous

“w ,
-

@ultlple messages.

-Heinrich and McKeegan (1969) reported that dlscrepancies between

‘teachers' bellefs about,how they were act1ng and how they were observed to

act were less pronounced when subJects rece1ved concurrent 1mmed1ate

s

supervisory feedbach as -compared to delayed feedback relatgve to teaching

behavior. The concurrent immediate fgedback condition was delivered by
. r/ . £ N . - M ' .
the' supervisor who raised color-coded cards whenever a desirable or

. ..
undesirable teacher behavior occurred.

a

Reddy (1968} demonstrated. that counseling trainees who received im-

i

‘mediate supervisory feedback through a dictaphone earpdﬁg~device improved
significantly more in empathic skills than thosé who received either delayed

or no feedback Spaulding (1971) 51milar1y reported that 1nseTVice teachers

-

who rece1Ved a variety. of feedback experlences showed greatest 1mprovements

* under a cond1t10n-employ1ng immediate feedback during classroom instruction

N

-periods, The immediate feedback from the observer was tranémitted by means




»

N ) N . \ .
of a wireless audio receiver and ear speaker. It should bQ emphasized that

fin these studies the feedback prdvided to traineés was instantaneous .and

\

occurred‘during rather than after the training sessions. The vork cited
therefdre, effers emplrlcal evidence for the content10n that teachers in
tralnlng can process and utilize feedback information while attempt1ng to .
acquire specific teaching SklllS.

The importance of immediate knowledge of results or féedback in the
learning process has been well documented, Greenspoon and Foreman (1956)

have‘repqrted that delayed feedback, compared to immediate feedback, has

a negative effect on human learning of a simple motor task. Tasks in-

3

_volving verbal skills appear also to be facilitated through the immediacy

with which feedback can be prcvided (Bourne, 1957). Some workers have
gone so far as to contend that feedbackbmight well be the ""'stroggest' and
"most important” variable involved in learning and performance (Bilodeau
& Bilodeau, 1961). | | |
Hence, the human learner may be viewed as .a self- regulatlng cybernetlc

system who relies on feedback in his efforts to ma1nta1n goal-dlrected

behavior (Smith § Smith, 1966;!Semmel; 1968) . The faster the learner can

receive feedback; the faster he can be expected> to modify his behavior 'in
the direction of discriminable 6bjectives-;and thus increase his efficiency
in thé acquisition of teaching skills (Gibbs, 1954).

-

-~ Observation §ystem5’in Teacher—Training\Prqgramsl ¢

It is evident that relevant teaching skills must be developed within
the context of a comprehens1ve phllosoph1cal or emp1r1cal framework wh1ch

is hypotheS1zed to p051t1vely affect pupll learning. The most relevant

ob3ect1ves in tra1n1ng w1ll probably -be those wh1ch go beyond the 51mp115t1c

-~
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notions of trainee discrimination and generation of a specified frequency

'_of'X or Y behaviors. It is more likely that a training program will need

to be concerned w1th complex 1nteractive patteins of classrqom behaviors and

the concatenation of these patterns 1nto operational definitions of desired

pedagogical environments.

C L 0 i
A number of observation-coding systems have been developed by educators

(Simon § Boyef, 1970; Medley § Mitzel, 1963). The categories used in

[ I

these systéms constitute operational definitions of what the designers

deem to be important classroom processes. When teacher-traineeé’are encour-

aged to favor one 5ubset of behaviors or patterns from the total set of

categories defining the system, it may be said that a program has established

\specific'behavioral objectives for the trainee. When trainee performance

is observed systematically and the codified behaviors are fed back to
trainees, ‘the.system may be thought of as being a functional teacher-
tfaining tool (Amidon, 1970; Bondi, 19705 Flanders, 1970).
Observation-coding systens have an intrinsic appeal to teacher educators.
They (d) esfablish a set of operationally defined behavioralfobjectives for
°

the_trainee; (b) generally suggest an implicit set of training procedures’

leading to direct practicum experiences for trainees; and (c) generally

VprOV1de a set of ground rules which permit reliable measurement of trainee

progress. Ex1sting systems vary greatly in their spec1fic1ty of teaching

-

behaviors. Some focus on the affective climate 6f the classroom (Flanders,

. 1970), while Others focus on the cognitive demands made by the teachers

(Lynch G Ames, 1971}, teacher control behaviors (Fink & Semmel, 1971),

_teaching strategies (Bellack Kliebard Hyman, § Smith 1966),tnonverba1

behaViors (Galloway, 1968), and a host of other interactive skllls.

While ideally su1ted to the requirements of a skill- oriented training

progranm, observation systems are su?ject to limitations as operational tools

: e 10
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- for teacher-training programs. They require extensive tiue commitments on

. _ . . s )
the part of trainers who, "after assisy g trainees,_in discriminating opera-

. » v . D
“tignal objectives, must observe, ‘code, éummariié, anaiyié,‘and’ﬁubsequégtly' ’
feed back the results of performaﬂce to traineesp ﬂehté,ifhe.total training
érocess becomes tedious, and the,exceséive ti@e “mitments sériouslywlimit 
the feasibiiitx*%ﬁvsuch an approach, o : .
Secondly, analytic methods available foﬂt. ner generally,prohibi£
feedback of;relevant patterns of intefactionui 1e ffequ;ncies of simplc
two-stage transitions, Method of data reduct: uently lead to dis-
vtortions of the frequencies of behaviors for : ¢ periods (Collet §
Sémmel, 1970). bf greatest importance, howeve the fact that current
methods necessitate relatively long delayf of =~ - .ck to trainees. Hence,'
“as implied by the literature previdusly‘ﬁeviewU. is q@estignable fhat
the information provideq ta trainees cou;dwhave me..imum effects on the-
modification of subsequent teaching'perfgrmanceu- | | )
Exploiting Computer Technology in Teach%r Education \
Earlier sections of this feport em héSize'tha imﬁortanée of immediate
- feedback to the acquisition of relevané teachins r:ills, Observation systems -

N -
were discussed -as potential_operatfona; tools for :n1e specifications off ~ .

training objectives, as feedback instruments in. trzining, and as tools for,

the measurement of trainee performance. The utility of such observa;ioh-

codiné,feedbaék‘systems is severely limited b; the tedium imboseé by data
reducfién procedures~and the resulting déiay of feedback to trainees. It
would appear that there is a need to explore a skill—orienfed teacﬁér-

traiﬁing sy;tem“whicﬁ meets\the_fol;owing criteria; , ’gf/(f~;§

7
e

17 A q




4
Tmits the adoption and,,..k‘nerztion'of a broad spectrum of
b servable teqcher and/or puy; iiaviors--to bé definable °
* within® the context of any system of N mutually exclusiVe‘cate-
. ' tories of behaviors, .

®) It permitsythe continuous and instantaneous chservation, coding,
. ahalysis, ahd feedb/ of relevant training i nformatlon to the

trainee : ~ile helgé.teachingA-with feedback delivered through
. T 7/ - .

" / . - . * A .
some me “fgl'audltory or vis . sourc: the teaching

enviro:

[}
\

(c] It permi}s the utiliiation of automatic ;naxytic«techniques for

the contlnuous, rap1d synthe51s and des: 1pt1on of relevant

icTs, patterns, and env1ronmehts-— le ma1nta1n1ng both
t e fraquency and duratlon of behavior: : well as their

sequenclal re1at10nsh1ps.
1

It»permlts the rapid cumulativevstorage end retrieval of all
traihing sessions for any one trainee or group of trainees who

uses the system. .
7

Oneaof tH® most promlslng ‘means for meeting t . above criteria is through

/< the exp101tat10n of "'real- t1me" computer technolc .
‘,!‘( . - . . o

- Preserv1ce Research and Develypment Art’  ..les with CATTS

R )
Ay

£l

E] \
Eni!iﬁl work on %rTTS was -Teported by Semmel (1968) and his studentS"

L] J -
"er

wifea‘h (1969), Schmitt (1969),Vand VanEvery (1971)
- -
,sgudles support the efflcacy of 1mmed1ate conCUrrent CATTS

Kreider (1969

A g«
- ggneral the !
/' v

feedback when specific behavloral goals are central to training,

[ hi



Schmitt (1969),, for example,qused CAITS and- a modifi%d version oflthe'

FIA system to tra1n preservice teachers to increase thelr use.of broad v

questlons and to reduce the frequency of b1nary questlons in teachlng the

educable mentally retarded (EMR). The,fesults ir icated that i TTS trainees
"spent significantly.mo&e time asking broad quéétiC“s than did wtrol‘groop

trainees. The study also indicated a positive relationship between teachers'
‘ ‘A' N . ~ .
use of broad questions and the productiorn of multiple-word responses by .EMR

puplls.

VanEvery (1971) q;ed CATTS technology to, stud% the training of speech

O
theraplsts in a c11n1ca1 settlng, A remote telephone’ 11ﬂé was used to

e - ) [ ~
[

commmicate between the speech clinic and the CATLS comﬁoter facility.

v

Observations .of therapists in training were. coded in the clinic and trans-

I

mitted by telephone line to the ‘computer, which fed back information in

realFtime. The feedback was presented'on an event recorder which traced a
’ - ’ .

pattern representlng training obJectlves on a mov1ng belt of paper 'Trainées_
who received the immediate CATTS feedback showed a 51gn1f1cant increasé in
the use of social reinforcement patterns when compared to a control group.

VanEvery'S work demonstrated the feasibility of -~ventually moving CATTS i..

remote public school classrooms fa¥ inservice training opportunities.

Other Training Applications of CATTS o 2o

e

e

© g

- CATTS is not limited to the de11very of 1nstantaneous or delayed fepd-
bach to tra1nees, nor to rapid data col}ectlon, retr1eva1 and analysis.
* It can also be used'to develop duscrlmlnatlon skills of tra1ners th;gugh

* the training of reliable observers. A neWIf’deVeloped, computer-aided

training device called DITRMA (DIscriminate, TRain, and MAintain) aids in

Q ) : . -
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the dévélopment of thé§é/6bservétion<§kills. DITRMA is based;upon a simple

N - A 3 <.\ ’ - A . 3 ‘n 3 e ' ’ * : .
consensus-coding principle whereby individual trainees' resprnses from twoe
/ . : - - ,

or more coi~c “srmis ¢ ave "aulténepﬁély‘cdmﬁére( by h- comp.i ‘ N /q
5, . A .
the resul : ‘ison s inétahtangpusly fec ba- + the ey
' Through exr SIS U QA;of\thisvsimpié‘configurafi(., the DIT vstem
._can be usec e : iminatign of rélévant teaéher~pupilvf , and’ o
to maintai Lev. *eliabilit;. LQITRMA is.a seccnd»;én( :onséngusL 
coding sysu. gin: evelopeﬁ by45§mmell éuess and Fle de
Universit- o chig .n Arbor. - : = -.
Duritg 1oder—£r’ :g~session$, observefs code videota. f
. . S . '
the obse: rat . sy @ = :goties on data collection poxes ; gui -
3 _ation‘ident: gal‘{ ‘ONE telephones. These button bo. e
the PDP-1: compufer "+ Cen:zer for Innovation in Teachin: : _ppéc
(CITH). ’The compute: s as an impartial judge, as traine a-
small group of up to == : péers; If all~coders agree with =2ac 1 the
co&ing of an 'event, t:. 7IToup receives,én auditory reinforcer - ad

speaker, the videotap »n:ihues, and the compiter . 2N

its memo—~ ., Hows =1, should one ¢_.-more code: dg . z€e LIl .e others,
/

the compute: automati- _ly stops the videotape, and display of .. identified

\
;

" codes appears on the second video monitor for all trainees to study. Trainees

subsequently discuss their differences, and the computer 'refuseg" to /

continue the first videotapezmonitor.until the group reaches a cgnsensus of

agreement on what is<the correct discrimination and code.
e ~ 5

Eyalﬁﬁ%ﬁﬁn Bfithe system“hgé shown that coder-training time can be

'rgduceq by approximately SQ% 7hen compared to previous procédures usi?g
paperland pencil techniques: Of perhaps greater importance is ﬁhé seren-
dipitous realization that DITRMA is a potentially pow;rful dévice_for . }E‘ b

training many teaching skills through what, fn’effétt;‘is,aﬁ dutomatic,

‘ 4
a B

. Doy
" <,




. ) <y
X \J , ~
. Y Ay
. ) . . 10 ' O
. , » . - )
. ) ) : ‘/ . ) N . d . . L
S¢ " F -uctional group format. The system.4cts as 'an imr.rtial anc auto-
m 1 iccussion leader for.small groups of trainees who ‘a:. viewing viaer-
- o :I ' -'} Lo _. /,/ . |
v ' orotocols. o T i Ty, . )
The new LITRMA system is also capabl€ of assisting in :he develcome
4 i v N ¢ \ ' v
! ! - . 3 - ' . p' LIS
-ztégory observation systems. DITRMA' is an inyaluable topl for v nic
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sentifying categories which are subject to relatively high ratesoi sb:
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./ .y WTER2 L
. beEErgptior : Cémponer" v ,‘
N | S o | ! / *¢'l
s LATTS statlons
Fhe CATTS conflguratlon prest *a:
5%, ms: Teach1n S{at}on,.0b5<
| ’_ing Sﬁat%on:‘ §§gp§§;} ijj SmE
‘ e am ;gthe ﬁfééent‘CATTS ing A
n ova n Teaching the -inc :toec
schin JtatiOn: The. Teaching suvatic uc fa _.zscoom oo
=~ stooms which cén aqéommodate a fee nacl .evi- : fesdoac. surce -
.ted sp that_the €éacher can use th iﬁgnrv smiztad e
zrver with no intérﬁerence with or ying ~lacsw i 2¢€d
. buzl display may be eithér visual or ..di- new _ec ither
0 dfrect;;lby t&s éomputer or indirs Toug. Ma. 187 .ay C.oTdware
..rrent applications perm{t tres e e vart oy o f visumi dis
i.:ays to the Téaching Station:‘/\isual cedba: ¢z be orovided ti-ough
closed—iir;uit, te}eviéed images o- a C wde-ray 1 be CRT) diéplay underz
’ dirqct éomputerhpon;ro R orf;n extérna] 3v;ce hig.. displays feedback in-
. formatioﬁ byfchanging ight ﬁ;ttgrns, ¢ x- chart recofdings (Sem@e1;?1§68;
i Semmel, et éli,'fé?l; VanEvery, 1970). ‘ |
{; .,; ‘ Therystem can be adapted to provic : instantaneous auditory feedback.

In thls appllcat1on, the PDP-12 compute” 1s 11nked to an audio tape recorder

/

which is capable of mov1ng a tgpe of prr*ecorded messages conta1n1ng verbal

feedback relevant to spec1f1c teaching ¢

a computer-monitored tape head. For ~xa~

from a number. of behavioral cétegdrie:) z

3

(é.g.,‘SO% within a part%@ular time poric )

. ' . o VS
> B “'

naviors anc patterns rap1d1y across

5

., 1f teacher talk (as computed

eds a’pre

Y the'comp

fermlned criterion

¢+

~ automatically
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CATTS configuration,
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./'ﬂirects”'theftape‘traﬁsport to .locate the tape meésage which says, ”Try
" / / ‘e

\ CLttlng down teacper ta1R anq get more pup11 ﬂ/rtiCIPHtIOD.' ~Wh}1e teachlng,,

: ~
tre tralneé rdcelves the message v;a a wireless, tran51stor1zed) audlo re-
N

;f\\\f ceiver ‘with earplug speaker. , ‘The. sgeclflcatlon of theaparameters for per- L.

4

; s I | )
[ AR 4
formance -criteria thrOugh computer programmlng assures error -free monltorlng /
% Y A4 B
L ‘vor tralnee behav1ors. The resu1 ting "ATTQ feedback shauld,.therefore be

IR v . 2

! more re11ab1e than superv1sor feedback methods 4 e
‘ , . ‘. wm ‘ AT S
o ObserlggiQQ:Coding Station. _The Observatlon -Coding Station prov1des

1 /‘"‘

. the link betWEeq,the evehts occurrlng 1n ‘the classroom and the computer

~
.

analysis,of these events. Illere, a tralned observer codes classroom events
B R A . . R ‘q‘
consisting of N categories of teacher‘gnd/or «pupil behavior. Observation

- may take place within the classroom’itself, w;;ydn an observation booth
adjoining the classroon, or py aleosed~circu t tetevision connéction.

Figure 2 illustrates observation of classroom behavior through a one-way

- ) .

glass window. At present, the coding: terminal used to input observgtion

b
‘

data consists of 10 mechanical pushbuttons mounted on a metal box--a con- .
e ' . . 4
figuration similar to, a TOUCII-TONE (TT) telephone. Figure 3 shows an ob-

“ —

* ' server with a puttor box. These buttons, in turn interface directly with

~

the computer. _
N Ve

It should be noted that the coding terminal permlts an observer- coder to
input data which is transmitted over telephone lines into a TT Data Set,

and from theTe diréctly into the computer. The TT telephone interface \

*
wT

s . . . : . . L
allows direct real-time observation for.remote ohservation coding in com-
: . -~

Mmunity classTooms. . _ ’

Probably the greatest asset of the coding terminal is that it can, accom-
, Nal

\\ -

modate any obserVailon system whose c1a551f1cat10n scheme can be defined by a

series of numbers The number of categorles that can be acbommodated 1s
[ D '
B] - .. ~: = / .

t , A
V1rtua11yYun11m1 eq . AR
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Figure 3. Observer with button box.
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The Ppresent computer program 1s capable of acceptlng a three*stage

. - ..
class1f1cat10n scheme with a maximum of 16 d1fferent codes per stagq_ oL

: - : .

Hence, the system currently can record, in add1tlon to categories and sub-

categorles, the 1nteract10ns between teachers and spec1f1c ch11dren in a ‘

Y

- classroom.

o

Analysis-Encodipg:Station;_ The Analysis-Encodlng Station consists
- of a small;computer iPDP-lZ) and the associated computing hardware_required?
for the on?llne-proceSSihg of coded input data which is'gathered and‘trans-.
e h'mltted frop the Observatlon Cod1ng Station. . Figure.4/shows-the PDP-12 J/
computer at CITH. Presently, the PDP-12 computer can 51mnitanefusly process

‘input data from as many as 12 classrooms, and up to 12 types of observation

: ) .
systems. )
W * @ K

“In® add1tlon to ‘processing 1nput the computer system also controls the

v

2

| display dev1ces ~used in the teach1ng.statlons and prov1des for hardcopy

‘printout, storage, and, transfer of the analyzed data. Figure 5 shows the,.

v1deo camera method of visual feedback transmlsslon back to thé classroom.

It is at thlS statlon that the trainer initiates the prdgram options ava11-

. able in CATTS;- The‘téleprinter_console, through software program control,
, e ) | « ‘ , ) ,

allows the operator to select any specificﬂCATTS program or option that Wi

satlsfy the object1ves of’the tra1ner and/or tralnee.

The selectlon of the mode and content of feedback to the teacher-
tra1nee in the teachlng stationp is also’ 1n1t1ated from the console. " If a¢
'JCRT dlsplay “is chosen as the method for- feedback the operator determines
| the content,of the dlsplay by a551gn1ng the ‘input data to d1fferent com-

putatlonal functlons for the computer to calculate and dlsplay as feedback

T 'pThe nature of the dlsplay 1s also seiected from the console whlch ‘al lows
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Figure SL'/{RT and video camera visual feedback transmission configuration.
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continuous f;odback information io be presented either ié}alphanumeric or
graphic"form. Figgre%G is an example of a graphic feedback display. The
completion of the input-feedback cycle is realized in a matter of a few ‘_ e
microseconds. Feedback displays can vary from simple fréquency counts of '
_ dosired.behaviors, to abstract representations of'éequential interaction
patterns. . | .

The integrated telepriptei, which also serves as the communications link
‘to the CATTS program, provides hardcopy printouts for;inspection inmediately
‘}oilowing the-training session, Fiéure 7 illustrates an example of a;
printed feedback summary. These printouts §an provide such information
as the event times of the coéed tallies, percentage of fime spent in'each‘
behavior category, and frequency of occurrence of each categbry; or they
cah provide more complete descriptioﬁs and statistical treatments of the data.
This information can bérﬁsed as ''delayed fgedback" to a trainee, and can
b; stored forl later anaiysiﬁ. It should be noted that the use of thehtern’

delayed feedback in the present context is generally defined as immediate

feedback by most teacher-trainers (Baker, 1970); since conputér printouts I
are available to trainees immediately following theif CATTS training session.

By using the computer in this mannér, bits ‘of observation system

data are not limited only to storage bf frequenhyvand time of occurrence.

i
L

The duration of behaviors and their order of océurrence érefalso]recorded ,//‘§\
v ) . : o
's memory, and subsequently’on magnetic tape for analysis.

in the %onputer
CATTS can collect a continuous data record of classroom eﬁenfs, allowing
analysis of duration of behaviors,-as well 'as analysis of pafterns or

chains con;isting of up to eight behﬁvior categories, Hence, fapid descrip-

tion and analysis of a continuous sequential vector of observational data

can be analyzed and fed back to trainees (Collet & Semmel, 1971).
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In summary, it ‘can be seen that the translation of the closed loop e
cybernetic pr1nc1p1e is achleved through the prototype CATTS by using
‘a human observer—coder aS'the.1nterface between the events-in a practlcum
sett1ng and a computer. Behavior in the Teach1ng Station is observed 1n .
the Observation-Coding Station and tt?nsmltted to the Analys1s Encodlﬁg Li -

. N, . S

Station. In a matter of microseconds, the computsf’summarizes, analyzes,:‘
steres, and continuously feeds back relevant 1nformat1on directly to the
trainee ‘in the classrogg The system also prov1des a coﬁbre§¢551ve printout
of the analysis of all variables$ coded, in the observation of the classroom

transactions. . The printout may be;usedlas summative feedback following a

training session or stored for subsequent recall or analysis.
- . ’ :

B
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System data flow description

P;}or to apy ;peqific discussion of the various functional components
> ) q 3 . .

which domprise CATTS, a discussion of the overall system da®h flow will
assist in placing the individual system compbnents in proper perspective
- : - ' )

- relative to the total system configuration. )

¢

Figure 8 contains a block dfagrgm of ‘the initial data collection, and
feedback-processing data flow as processea on the PDP-12 mini-computer

located in the Teacher Education Laboratory at CITH. : Beginning at the fop

~

- of the diagram; daté~E§ initially collected from three sourcea; (1) direct
B . 5\ LT

button box entry, (2) TOUCH-TONE télephoné\gntry, and (3) off-line portable
 data recorder-entry. The portable data recorder information mst go .through

a decoding process‘before being accepted inso the first-stage inbut processing.

4 . N
The first process is to check the data for syntax errors which relate spec-

ifically to the observatiqn:coding.system_being_used: This stage cleaés

. \

the data and eliminates gross observer entry errors. From the syntax pro-

©

& - cess the data flows in' two directions. If instantaneous feedhack is to be
eﬁployed, the data is presented Eo various visual feedback display routines
for transmission into the tqaching environment. The second path, which is
not optional, ﬁasseg the data through a data index and;storage proceSS;A

which places an identification of the collection session on the data file — <
. R ¢ .

v

and stores the file on the PDP-12 primary mastery file system for Eubsequent

-

retrieval.
From the primary master file the data is extracted by a transmission s

process and sent to glte main computing center at Indiana Univérsity for

final indexing and storage. Optional at this point is the availability of

various data report routines for immediate inspection of data stored locally -

at the,PDP—lZ./ 3

{ o

' -
Q ' . c35 -
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Figure 9 illustrates the data flow process at the main time-sharing

computing center (CDC-6600). When the data arrives at the CDC-6600; it

-t

v proceeds through the final index ahd‘stofage process which provides each

'
4

' file with a permanent fcentificatighjand location foré}he.next processbof .

data retriﬁval At this stage a user initiates the r trieval process by

requesting specific datd files to be removed from the master f1le system J
e ’

and placed on a tenporary scratch file for either ‘examination or further
£

processing.

From here the CATTS systen is conceptua11zed as taking two ﬂ1fferent v

directions, indiv1dua1 sessionffeedback Summary reports, “and lu1t1p1e session

analysis proce@ures. Individual summary reports operate directly off of the

"raw daia, and theivafiéus Sunlaiy feedback routines are selected by the

4 Multiple data sessions are passed through var1ous data reduction rout1nes

L4
user for generat1on of printed feedback repo;;s on time- shar1ng terminals.

>

which prepare ordered data’f1le structures acceptable to data analysis packages

>

_.such as the SPSS and BMD series, o ¢ 4

~ef : =~
" .
\f '
¥ -
J 4 A 1 4
/" .
4
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s




]
!. ) ,i’ -27-
* € - e
T o - v\)L
) ~ |oATA iNDEX| ¢
v , | & STORAGE L ,
L ROUTINEX i -
LN “ N . >‘ ) <
L 4 N : [ i *
r / - . . . A \
S MASTER ¢ -
- DATA : .
2 / 7
4—
’ MASTER ' .
A FILE DATA
/’/ RETRIEVAL
.PROCESS
x4
S SELECTER OPTIONAL
‘ RAW DATA [ DATA
SCRATCH W'
°PDT29r'XAL OPTlONAL |
‘ .| |oATA EDIT B .
FEEDBACK [ | REDUCTION |g— "} ERSWA'}%';G
ROUTINE(S)| |ROUTINE(S) COMMAN
- | ' |
PREPARED OPTIONAL
) ) ?EMAC_K  DATA . DBATA
S PRINTOUTS | | scraTcH PRINTOUT |
5 S R s
OPTIONAL :
Y DATA
- ANALYS IS
ROUTINE(S)
i 4” '?l
r DATA
- ANALYS IS

Figure 9.

r)(‘»
vo

4

CATTS data fiow;Remot(e/ time-sharing process.
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Data collection
\!, N _ ® . . . - 4 : )
Data from observers is input into CATTS from one or more of three alternatives;
r~\ " . ' . SRR,
~ (1) directly connected button boxes, (2) directly connected TOUCH-TONE telephones

‘and associated tone decoders, and (3) portahle data recorder units GDATAMYTES).

¢ [}

. ,Lacal access to the PDP-12 computer is ptovidediiy specifically con-
3 : ’ ’ Tk { -
structed hand-held buttoq,boxes as shown in’Figure 10. These units, 12 in

) - i .o . P ‘. /v -
. all, connect directly through parallel circuitry into the parallel input _,

<« .

-

» » .
interface of the computer. The button configuration is similar to that

found on a 12-digit TOUCH-TONE telephone’. The boxes also contain three

indicator lfghts which correspond to the three levels of nested coding

»
e

- capabilities provided by the system to accommodate most observation system
/ - ' « f{.
' :requirements. A toggle switch is also available for the purpose of turning

the box off ‘and on. ; \C'

" e

The data’entry procedure is accomplished by first having the observer -
act¥Vate the box through manipﬁlation of the togéle switch. THe computer,

. sensing the box as being '"on," turns on the three indicator lights on top
~ / -

of the box. The observer then enters a series of identification codes which

! ~ L
1 .

become part of the data base.’/ When the observation session is to begin,”

Y . .
the observer enters a control code as data. Upon receipt of the control .

s

/

‘the observation session, the observer enters another control code to terminate,
. N \

k)

code, the computer. begins the timer for thaiszrticular box. At the end of

] : . .
* the"data collection sessions, at which time the computer cioses the data y.
Y ‘» \ 1. .

file and records the data on the PDP-I2 mas$ storage index.

¥

I3 - -
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.During data collection'themindicator lights,provide feedback to, the
"J L
Observer by 1nd1cqt1ng acceptance of each data entrysand its current pOS1-

““tion in the coding structure. For example, 1f the cod1ng system used by

the observer has a’thJlevel structure whereby each first-level code has an

associated second leve, of subcodes, then the first lﬁg will go off when .
: ‘yl\

theiflrst~1eve; code has been entered. This informs the observer that the_

- system is expecting:the subcpde entry.
\ ‘\ ' L 2 o - .
The ‘button. boxes also contain a "SKIP!' key which allows the observer

J
[

’ Lt . e . ' -7 . v
- the optlon\gf clearing a mistake and re-entering the correct code before.

striking the‘ﬁENTER”"key. Once the ENTER key has been pushed, the-data

asgociated with that ENTER 'key cannot be changed.
The toggle switch also allows an observer to pause in the middle of

LT »

. an observation session Without ending the° session. By turnlng the switch

to "off 4 the computer t1me associated with that box is he1d in a pause€

state until the sw1tch is turned back on. When this occurs, the middle
Jlight stays on to remlnd the observer that his box is in a pguse state.
Tﬁa§-state 1s on1y available dur1ng the data collectlon session befoné the‘

control code 1s entered to terminate the sess1on." . o
-

Besides the control cﬁdes tombegin and‘end a data collection’ session, .

ofher control codes are availabléi??;indicate changes in the nature of the

~
‘

data being entered in*any one observation session. This allows an observer

+

- to u$e a pumber of different observatlon systems in the course of one

- observatlon. These control codes become part of the data and are used in

”:écode must bewinterpreted differently.

N s . -
thehdaté summary process to 1nd1cate that the data following the control

v
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’

N The TOUCH-TONE telephone input protedure is very similar to that of

. the directly connected_button boxes, in that data is entered exacfly the
. o« . "

same way by the observer. TOUCH-TONE telephone access allows data to ﬁéb
collected from remote locations away'from the PDP-12 location. The pro-

cedure invprojects using CATTS has been to install a number of telephone

jacks in classrooms connected to a single telephonellinebfrom'a‘sehoolf

Connected to the PDP-12 is a Data Set that<decodes the tone signals and
( SR T
converts them back into para11e1 numer1ca1 1nformat10n. The ‘observer

reports to the school off1ce picks up the TOUCH TONE telephone exte951on

3

and selects the c1assroom to be observed The: telephone 1s-then plugged
, _rinto the classroom jack and the yelephone,number of the Data Set is called.
- The computer senses the incomihg call, makes the conneetion,_and signals this

o . .
connection to the, observo/ﬁby sending a short confirmation tone back to the

Wi

hand set. The observer then enters the identification code and the control

code to start the session. Whengver a control code is entered, an answer-

4

back tone is- sent to the observer inﬁorder to confirm the receipt of that

x\;’ .

eode. The box:on and off status is keyed to the answering and termination
of ‘the. telephone call. There is no pause function available to the telephone
procedure other than the d1fferent method of collect1ng the data, the data.

xo.the;cdmputer ‘looks exactly 11ke the data collected on the d1rect1y con-?

hected button boxes and is stored in the'same format.

2

*The portable data recorder collect1on prpcedure 1s also very simila

to the other on- 11ne methods. The d1fference is that the data 1is stored

« on cassette tapes for entry into the sy$tem at a later time. The recorders
4 _’ . !' : : ' -
* have the same button configuration and ghservers enter' data the .sdme way

. L . , . R L y
during thé observation process. Because of its_portability there is no

)

t“
oo
FY-|
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feedback ava11ab1e to the observers with regard to control code entry.

To insure against the recorder missing a control code, the procedure

a

.followed by the observers “is to enter each control code twice. . Upon

kS

receipt of the cassette tapes from field-based observers, the takeﬁ

. are replayed through a decoder and the numerical data is input into the
system. AgaIn\\the\data‘is stored in the same format as with the other
input methods
The portable data recordér contains an interval timer and an
incremental cassette tape recorder transport. ¢These features allow an
associated inter;al time value to be appended to each individual data
entry, which duplicates the function of the computer clock in regular;
on-line data.collection. Tne incremental recorder transport only moves
‘to record data when it is entered. For example,:where only 15 minutes of
tape may be(used for every hour of obserrat1on, this feature saves the amount
“———\Bf tape used in any observation period. The advantage of this is in the
reductlon of the amount of time taken in the’ decod1ng nrocess at the PDP 12 .
comnuter. -Newer models of the portable data recorder (DATAMYTE) have elgmlnated
the cassette t tape unit by storlng‘the data in a solrd-state 1nterna1 memory
chip. Tran;mission of data‘into a CATTS data §trﬁcture is,accelerated with

/
A

'this improved data collection device.

4
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Real-Time Data Manipulation and Analysis

One of the‘important general functions of the CATTS system is to pro-
v%de feal-time data manipulation and analysis to projects using the system.
This7real-time processing application is centered around the‘instantaneous
feedback capability of the system. Due to the t1me shar1ng nature of the

CATTS operat1ng system on the PDP-12, incoming data can be routed to

. 1nstantaneous‘feedback routines which generate real-time Cathode-Ray Tube

(CRT)»displays‘for visual feedback, and tape recorder transport control
for auditory feedback. The present CATTS system has the capabilities of

generating two independent CRT displays for transmission§3§? closed-circuit

television back into teaching environments. Depending upon the observation

and feedback‘schedule,.the PDP-12 operator can assign any incoming-data;
box or port to any available display routine. The display routines are’

written to specification, depending upon the observation system used in any

project. The data is usually reduced to specific variables required for

‘ 2 - . - . ’ -
- feedback in the project and converted into time-lines, bar graphs, or into’
., .

numerical formats which are interpreted by the teacher in the teaching

environment. ’/{/,

A similgf procedure is employed for auditory feedback, in tﬁat the

- audio tape recorder functions, as in the CRT display routines, are under

control of the computer during the data collection process Instead of

‘reducing the data to specific variables to be cont1nuously displayed the
‘ auditory feedback process continually monitors the incoming data 1$d

‘checks it against predetermined parameters _ When any parameter is ex-

éeeded, the computer controls the tape recorder to.search the feedback

audfO'tape for the appfdpriate feedback message for playback to the teachiﬁg

situation. ] : .

f
‘1."

-
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%/ Although end-of-séssien feedback summary printouts are p;oduced

by ‘the oxte:nal‘tile-sharing computer, CATTS is alﬁo.capable of producing
‘lilitod summary printouts on the PDP-ié for quick data verificgtion.

This function is also done simultaneously with the reaL-time-data collection
process. “The reason forﬂthe'limitedyérintout capability is that the

system's a#ailable neﬁory spgce is preoccupied with the real-time qperatiﬁg

system and CATTS data manipulation functions.
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Feedback"

The CATTS system analyzes three:Seneral types of feedback methods.

These methods are the Cathode-Ray Tube (CRT) instantaneous visual feedback,

an auditory feedback system, and a summary printout feedback system. These

» . v . -
systems are discussed in detail in the software chaptey. ' -

-

Instantaneous visual feedback. The current CATTS system employs two

real-time CRT units foT real-time transmission of ‘feedback information into
‘two classroom situations simultaneously.  The transmission into c1assrooms
is accomplished by transmitting the video feedback image to a monitor

placed in the teaching enV1ronment This method, permits- the use of existing

. -video switching networks that are available Ain many school systems.

-Auditory feedback. This system employs FM transmission to a small

pocket,receifgr placed on the teacher in the training situation. The

‘ auditory feedbaék messages are prerecorded by the individual and accessed

thr0ugh a remote audio tape control system in CATTS program control CATTS
software then determanes whether selected behavior parameters have been *
exceeded, and_the annrw;.?ate'feedbacklmessage is;computer-selected from
the recorded tay . be played back to?the teacher in th4 classroom.

& s
Printed summary feedback. After each data collection session is com-.

pleted, the raw data is transmitted to a time- sharing computer center vhere

-~ it becomes-available to summary Printout softward programs. Users or

superyisors who require  summarfes of these sessions need only. locate a
time-sharing computer terminal and requegt printouts to be printed on their
L

terminal. Different summary programs are available for specific feedback

applications v are oriented toward 'the observatian systems in use.

_These summaries contain information from simple category frequency and

rate calculations to extensive category. sequence analyses

40
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Stordge and retrieval

The data Stbrage and retrieval procedure for CATTS is a two-stage
process; the first takes place in real-time on the PDP-12; and the second

on the remote time-sharing coﬁputer storage system.
- As\the‘raw‘data is collected from'tHe various~input‘de;ices, it is

initially sorted on the PDP-12 disk unit, togefher with an identification

aﬁsignméﬁt of a data Starting Block Number (SBN). When the:disk unit

storage area fills up, thé data is transferred to LINCtape for permanent

storage at Teacher Education Laboratory (TEL). The data stored at TEL,

r

RSN

A

both on disk and LINCtape, is in raw form and it can only be retrieved by a ,

SBN, even though additional identification information is present within ’

the recorded data session itself:

A backﬁp data storage process is aiso.availablevin case the disk
ihduld fail during aata collgction. If fai;ure,dtcurs, the system senses.
the inability_to‘access the disk and automatically calls the LINCtape
storage ﬁrocess which insuf;s that no data is lost. - | |

The second stage in the storagé'process is more complete for ref;ipval
of individ "lgand sumﬁary session data. After thé’&ata is stored on the
-PDP-12 disk, “it is given a new format and transmitted to the large time-
sharing computer (CDC-6600) at Wrubel CQmpﬁting Center, Indiana University,
for storage and analysis. At this stage the data carries a more complete .
identification structure than the PDP-12's SBN procedure. The data is
stored on permanent file disks and magnetic tape with project and project
design identifiers. ﬁith these id;ntifiers, dats\mgy be searched, mérged
and stored for use in various feedback report programs and profect'summary

‘analyses. Access to the data is through'the'CDC-6600'timé-sharing system '

(TELEX) which provides interactive data manipulative{programs and functions

SR
Y

needed to summarize and analyze the data. 4>w'
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DITRMA: Observation System Training Subsystem

System description. Figure ll'fllustrates the'configuration for

the DITRMA training subsystem, ' It is similar to the CATTS configuration,
in that itpegdlects observation data from buttbn boxes and displays real-time [g)

Feedbag!c information back to the training s1tuation. In addition DITRMA

AL

ties together up to six boxes for observer ‘category entry comparisons *

»

and provides remote control of a 1-inch Ygdeo tape recorder for prerecorded )
training materials. . -~ ,
The basic functhpn of DITRMA is to present v1deo -taped training
material to observer-coder trainees who enter their observations into the
- button boxes, where they are compared for agreement between coder entries,
-  and provide feedback pert%ining to the result of the comparison. 'If all

~ ~

coder entries'are'idenkiéal, the system continues to present the video-taped

“wmatdrial and provides feedback to the trainees in the formbof an audio

('beep') tone, ‘If a disagreement is detected, the system stops the video
‘tapewecorder and displays, on an adjoining TV monitor, coder feedback: which
5 N

. o . . . £
identifies every trainee's button or cdtegory entry for visual compdrison.
> N .

The trainees are then encouraged to discuss the1r disagreements and to
H 7 - Y, 3

arrive at a consensus as to what the Wcorreé%" category should have been.
Entering- the agreed -upon category restarts the video tape recorder and
permits continuation of the training session, S

Early training proceduresvrequire that a Yrainer cuntrol
with a master button box and assists the traifees in system oper “ion
and catego efinitions, Later in the DIT training seqdence,.the

trainees may use the system under their own control in order to finish

the tratniﬁg material or to refine category discrimination siillsi

Yy
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Hardware coﬁfiguration. DITRMA adds to the CATTS hardware configuration

by connecting to and controlling a remote-control l-inch Vﬁaep tape recorder;
Since a maximu; of 12 button boxes already are part of CATTs;Vthe button
box connection scheme for DITRMA is already available with the comparison
for consensus of codes residing in the DITRMA softwa;e. Visual instantaneous
feédback is pro;ided back to the training station through the same video
camera/monitbr vehicle asze;ployed }n,the CATTS visual feédback systeq.

The DITRMA training station, as illustrated in Figure 12, consists
of six bpfton-boxeé fo£N€r§iﬁg:s, two TV monifors, and a remote-control
“unit for the video tape recordér,(Vfﬁ). .One « " the six button boxes can
be ass1gned for the control box, which is thc method for .entering the agreed-

- .

upon codé to restart the system. One of the .wogf% monitors is used for :
<

presentation of training material from the VTR, while the othér monitor

is used to present trainee feedback when a disagreement is detected. The

VTR remote-control unit is used by the trainer, who is controllihg the -

master box, to provide the opportunity to rewind and repiay for the “ru-
any video segment that requires £3§iewing for discussion.. “As with CATTS,
all procéssing and control remains at the PpP-lZ computer location which
is remote frOm the training site itself.

An aidét1ona1 use of DITRMA, other than the real- t1?e traln1ng of
observers, is the collection of all data entered by the trainees for -~ -
sﬁnmary analysis af a la%er timéﬁ{lhis data inc}udes both the'agreepené .
and-disagreement entires, with asspciated interval times. The information |
that is derived from a postsess1on suﬁhary analysis ca;>1ead to analys1s of

problems in tra1n1ng, such as confusions in the discrimingtions of certain
/ v

-,
’



-

7

Figure 12. The DITRMA station at CITH.
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of certain category opdratibﬁalfdefinitions or the discovery of weak
observers who need additional attention.
A more detailed discussion of DI}RMA, with examples of feedback

available to observers, is found in the software section.
i ~ "

hEE

Ve

"behavior categories, This analysis may lead to trainer classification

[,
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) The design configuration section discusses the EYEtgm as a whole, cente;ihg ' -

~it. A rationale for selection of the various hardware and software com-

TEL staff members . Thefsoftware:desc

.sections; the first is an explanation
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PART. IT CATTS TECHNICAL MANUAL -

ANS

. CHAPTER 3
Introduction

- “ .
Part I of this report was written to provide an overview afd functional

description of CATTS component systems. This section provides the reader

with' a Efchnical overview and,/detailed description of .CATTS constituent

systems, including design configuration, hardwqxeband software systems.

. A
|

PE

on the PDP-12 computer and the various har@yag’vsystems that interface with

. ‘ . R 4

ponents is provided from the point of view of flexibility and effectiveness in
- — / - . “l.

‘&

teacher training and data collection applications. .

PE I

The hardware section describes ten specific input and outpuf hardware
components used in the system, 1nc1ud1ng the PDP-12 computer and its sgggort
components. This section is organ1zed accordlng to the functions each. com-

; ¢

ponent performs.

. ) ‘ x ' Al
‘ ‘The software section is the most extensive in the manual, and includes

software'design descriptions of CATTS data collection #hd feedback functions.

. o , . . . P
Due to the unique requirementg that the various CATTS functions place upon
_ _ -

' system resources, all of' the real-tiyé/;oftware>rput es were written by

" . ' . | &

iption is divided into two general

'

ffthg interrupt-driven operating
system itself, and the second an explanation of,CATTS-related processes
such ‘as data collection, feedback and data transmlssion routines, and the

DITRMA system routines. CATTS command lig\s\rgferred to in- the software

. discu551on are found in the appendix. \ < "

’ "/ ’ - . . r‘ q . - . .
/. ; Ju . °
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System ConfiguratiomjOverview
1

The general functiomal applications of CATTS were described in the

previous section,and Figure 1 provided an illustration of the system's -
application in training and data collection situations. 'The,DITRMA con-

sensus coding system was also described and the application of DITRMA to
™, . .
\

training was illustrated in Figure 11. The central unit which

interfaces and‘regq}ates the real-time and data collection function of

CATTS is.ﬁ PDP-12 computér. Figure 13 shows the PDP-12 computer con-
ifiguration with identification of the various I/O interface components
necessary to carry out the real-time functions of CA}TS. ‘The PDP-12 CATﬁS
console is located in the Teacking Education Laboratory of leﬁ and ;htgr-

connects to training classrooms at Indiana lniversity and sites

throughout the state of Indiana by directly connected observer button boxes
, , ; .

~and TOUCH-TONE telephone networks. Descriptions of these various I/0 inter-
: . @

faces, which are nécessary;for data collection and feedback, are deécribed

in greater detail in the following sections of this_manual.“' ‘ L

/ ’ <. ’ ¥
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' Figure 13. _CATTS fuﬁctional data colle¢tion and feedback process.
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. ﬁ%ystem Design Consmderatlons

v f 'Hardware. The pr1me coh51derat10n for hardware selectlon is the 1mp1e-

mentatien of a fespon51ve intérrupt-driven central processor ' The nature

{
of the CATTS data collectlon functlons places the requ1rements of many

2

51mu1taneous 1nput devices on the system, and due to the requirementqig
assigning an accurate t1me interval to every data entry, the system must

'respond as quickly as-possible to every external input event. Therefore,

&

to employ’real-time'data collection software, an interrupt-driven processor

such ‘as the PDP- 12 was selected for CATTS. X :

3

- To further increase ‘the responsiveness of the software, an Automatic

Pr10r1ty Interrupt (API) hardware system was_ 1nc1uded withiff¥the processor.

4

< The API allowed the phy51ca1 a551gnment of the various input and output

-

&¥\ /.’ devices to, be tied directly to d1fferent levels of the processor's interrupt

A

structure. This means that 1nterrupt requests occurrlng at a higher a551gned
iR

level of priority can 1nterrupt processes taking place at a lower level of
priorltY”‘hnd upon conclusion of the high priority process, pass the d
\ processor back to the low pr10r1ty 1nterruptezlprocess.f‘
v\ Another advantage ga1ned by the API is that, when an external interrupt
| occurs processing time need not be taken up w1th 1dent1fying the deviob

source of the interrupt Instead processor control can be passed directly

E)
i

to the specific requesting hardware device.
The prlmary'purpose of an. API insta11ation is to reduce the*tlme that

external I/O requests requ1re for processing, thus malntalning the accuracy of

_""-"‘ -
the assignment of event time to incoming data.' An API also assists in a

. o, . .
”-more efficient assignment of,tasks‘that use the slower input .and output
. devices. For example,\printing, which is slow in comparison to internal

A

r)
Jdy
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ﬁ processing, can be simﬁltaneoﬁsly time:shared aiong with other processing
functions Th1s dev1ce apd process1ng time- shar1ng capability increase
\\\ " the flex1b111ty and responsiveness of thp CATTS system.
Other h;rdware cons1derat1ons employed in CATTS are centered around
Ca installing 1/0 systems which include their own controllers as part of |
- ‘their function. This is common in hardware devices, but due to the
| speed ;eqoired‘to'respond to‘ekternal interrupts, the“procéssor is de- .?
éendent upon as much obtside I/p control asdpossibief The PDP-12 con-
: figuration'employs many built-in. devices, such as a point and character
generator fpr the two CRT channels, a mu1t1funct1on real-time clock and‘v
.:an ‘interrupt- scanner controller for the d1g1ta1 I/O systen The most
' importaht prerequ1s§%e in des1gn1ng the hardware obserxer 1nterface is

‘to prov1de the s1mp1est method of data entry for an observer, so that an

observer 1s able to focus hgs/her attention pr1mar11y on the interactive
behav1or being coded Th1 'desigﬁ ob;ectg;; 1s;met by adapt1ng a 12- key
pushbutton keyboard similar td a TOUCH- TONE telephone keyboard The
observer enters comb1nat1ons of pushbutton numbers to represent ass1gned
categor1es,‘then pushes the }ower Left-hand button TOUCH-TONE te;ephonei
"% M) key to enter the observed-data'in¥o the system} The previousfdata
is‘not recorded untdl this,"ENTER" (e key is pushed. If themobserver/.u
makes a mistake in the category numbers and recogn1zes the m1stake before
push1ng the "ENTER" key, the observer may push the lower rxght hand "SKIP"
f_ key (TOUCH-TONE-Telephone ' # " keyl. The "'SKIP" key c;ears a11 data '
_entered since the last"ﬁENTEh"wkef and resets'itself for & re-entry of

~data.

~y
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Since event time is automatically assigned by the computer upon'the.
receipt ofleech “ENTER" key; the.observer is left free to concentrate

on the beheviors being observed. When dats\is entered by the observer

-

~into the keyboerd the conpact configuration of the pushbutton keyboard

k.

perlits uncomplicated entry.

Another consideration for e-ploying a TOUCH-TONE keyboard is to

S

permit 2 positive transfer of data entry skills from directly connected®

o

" boxes to TOUCH-TONE telephones for data entry. " Observers are thén able; “#
“to transfer betwyeen box and télephone input units ‘without retraining\\

The DATAMYTE porteble data recorders are als04specially ordered) with the*
Y

, [
& pushbutton: pad altered 1nto\a TOUCH-TONE format, In order to design the

CATTS 'system for ‘easejof application'in classrooms, easy\connection to
- S \
"classrooms is of‘prime importance. To facilitate this connectﬁon, existing
‘N
closed-circuit telev151on lines are used to collect and feeggack data

into classroops. This.adeptation of:an existing (CCTV)/switching network

alloﬁslplug-in access throughout the bublic school complex that is‘adjacent

to the CATTS hdrdware location. The care in selecting hardware that
facilitates time-sharing applications, data.entry, feedback applications

and classroom accesibility, ties into the increased cost-eéffectiveness of
implementing CATTS into developmental and training situations._Increasing
vthe\nunber of classroons or observation rooms that.can be serviced by'one‘
hsrdwer:\facility decreases the cost involved to. serve those clessrools.
AccessinchIassroom& quickly without najor equipnent installations also
‘permits tine-sharing of existing CATTS fggilities across a wide range of
appli‘etions " By following the hardwar:/gesign conﬁiderations discnssed ‘4.

'ebove, many clasSrooms within a schqol complex or, through TﬁUCHaTONE

\,
telephone lines, within a school district, can be ser!ed by one responsive

facility. . ‘ f' o AN
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Software. As with the hardware <ionsiderations.&,3 the development of a

‘responsive software time-sharing program that takes - full advantage of the
- hardware is the most 1nportant tﬁ}k " The 88h11ty of the software (a) to

: respond quickly to external input events, (b) to process incoming observemﬁ,~

| ¢

~ data from many simultaneous sources, and, (c) to simultaneously‘prov1de

k
output feedback to as many locations in as many forms as .are required,

constitutes the flexibility and applicability of CATTS.
" The design of the ;oftware to reduce the conplexity of observer data
input ard to increase the'readabilitx'of feedback output is also an impor-

tant consideration Great care is taken to red{\o the potential impact

> ’
s

of complex computer technology on the people.who use and 1nterfhce -with « :

B
-y .
. . :
D . . , » ‘
7~‘_/' K .
'
.

59



!
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Hiardware Components -
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,Piéhre 14 111ustr¥§é§ the current PDPLIZ system configur;fion

currently in use to con uét CATTS fesearch and dévelopment‘activities,
The systea cous1st; of two basic c0nf1gurat1ons, (1) -the central processor
unit and assoc1ated nemory dev1ces, and (2) 1nput/output peripheral devices,

Figure 15 illustrates the same conf1gurat30n, but’ reorganizes the configura-

A N . ) .
tion into an input and output hardware function diagram, Table 1 lists.

(DEC)_suﬁplied system. This list does not include the support har&ware

components which will be described below. , 5

Central Processing Complement

' Central processor. The PDP-12 central processor is a dual processing

~Systoem with two instruction sets for a$semb1y language programming applications.

One processor is a self—containeé PDéaSI which is pfogrammed with DEC PAL
assembly language syntax = the priméry language ;mbloyed‘foi exfernal I/0 't
processing The PpF-SI PAL language ongan1zes memory in 128-word pages
and 1s fully conpataﬂﬂe Jﬂth oéﬂefmb;::}ams written for PDP-81 processors.'
The #AL instructions are used for all communication to externally connected
i/o hardware, including, the RK8-EA disk unit, the UDC8 digital I/0 ;ubsystem,
the KNI2 real-time clock, the KF12 multilevel Autoﬁauﬁt Priority intefrupt,
and th0~conhun1cations and paper tape 1/0 units accessed through the BAl2

?

periﬁhpralnlogic‘expander. ‘ © \ N . W
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~ ‘ Table 1
CITH/TEL PDP-12 COMPUTER SYSTEM—

/ , £
PDP-12/30 Advanced LINC Computer System including:
-PDP-12 Dual Instruction set Central Processor
-4096 12-bit, 1,6 us Core Memory
L, : ~Direct Mwor; Access Channel
-KF12 Multilevel Antpnntic Priority Interrupt
-MC12 4K memory extenSion
-KW12-A Real-time Clock
-TC12 LINCtape.Autﬁpat1c Control, fully buffered DMA Transfer

< -TUS6 Dual Tape Trafsport - LlNCtape
-RK8-EA 1.6M word Disk Cartridge system (including controller)
-DWSE-PA Positive I/0 Bus to OMNIBUS converter A
-BAl12 Peripheral logic expander o -
-VC12 LINCscope Control and Character Buffer, 2 Intens1ty Channels,
2 sized Charcters - ,
-VR14 7" x 9" CRT Displ¥y - ‘
; =AD12 Analog-to-Digital Converter and Multiplexer, 16 Channels (8 knobs),,
A\ 10-bit accuracy, Sample and Hold, Differential Preamplifiers, 69
/ kHz conversion rate, ekpandable to 32 Channels ’
-DR12 6 Progr ble SPDT Relays
-Data Terminal Panel . ¥
& -LA30 DECwriter, 30 Char/8ec.

-ASR-33 Teletypewriter, 10 Char/Sec .Raper Tape Reader and Punch

-6 Sense Switches

-Hardware Signed Multiply Ins

-15 Auto-Index Reglsters

-12 Sense Line Inputs ;

-KE12 EAE Unit (Extended Ari

-kP12 Power Fail/Restart

-VR14 Slave CRT

~-PC12 High-speed Reader/Punch .

-DC02 Multiplexed 4-Channel communications unit

-UDC8 Digital I/0 system /Inprt\hnd Output Buffering and Interrupt
] Logic

=30" Freestandi

-Console Table

Cabinet —_
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The LINC instruction set is used to program'and control the LINC

‘processor,.uﬁicb is a,special processor used to control devices such as

.

i/ the TC12 LINCtape units, the VR14 display-scopes, the DR12 relay buffer,

. . 1
f/ and the AD12 16 channel analog-to-digital converter unit. These devices

4

are not accessible to th§ PAL language and, in order to make full use of
the PDP-12 systeg, cohtrol is passed back and forth betﬁeem the LINC and

PDP-81 processg‘g for maximum use of devices and codt efficiency. The

t

LINC instruction set organizes ﬁemory/into 1024 -word segménts and contains

'its pwn set of auto-indexing registers similar to the PDP-8I instruction

N

set. The power of the LINC instruction set is its- access to the LIN tape

<

controller, the display controller (together with both the point and

character display buffers), and the A-D converter controller for fast ex-
v i -
. . . . ‘ ¥ .
~ ternal signal-sampling applications. : ,
~ Both instruction sets have full capability to processlnumerical and

control types of code, but the instructions differ in control of external

1/0 hardware processing. The CATTS software system uses both iRstruction

sets interchangeably towards the most efficient use of the total hard-
_ : : v
, ware complement.

<T;z Multilevel Authpatic'Prioritx Interrupt (APIj. Table 2\lists the

current device assignments %or the API hardware device unit conhected to
the cestral processor. The function of the API is to pass contTol to
designated 1/0 roufiné if an intefrupt occurs on any specific priority
Ievel. The AP; saves the current machine'level and arifhmotic Tegisters,
then pasées control to fhg inter;uptipg"level, and:?é;torms the current
machine;jevel and afithmeticlregi;fers,yhen the interrupting processfi§

completed. The advantage of the API is that interrupts of & higher

Q ! \7 . S ‘
| - | -
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) | Tahle 2
o Automatic iviority Int'errupt (API) Level Assignments

v

API-PrioritLLeveI > T Device / | L N .
(Decimdl) . | —
0 ' 0 -KP12 Power Fail/Restart Unit
1 S| ~ -TC12 LINCtape Unit
2 2 ‘ -KW12 Real-time Clock )
3 | )3, (Unused) ' ' _ . ;
* 4 ., a -LA30 Console Teleprinter hﬁit : .
5 | 5 -LA30 Cons§1e'xeyboard Unit | ‘
6 . & _ASR-33 Auxillary Keyboard Unit K '
. 7 (\\ 7 ~ -ASR-33 Auxillary Teleprinter Unit
8 10 . (Unused) d l
9 11 ~ -RK8-EA Disk Unit
16 ., 12 V-BA12 Peripheral Logic Expander with DCD2 Communication
' l Unit and PC12 RDR/PNCH Unit
11 13 -UDC8 Digital I/0O Subsystem
12 14 (Unused)
13 15 (Unused)
14 16 ~ (Unused) ‘y«/ )
15 17 - -Background/Machine Processing Level
~ /‘
. s
, BN ‘ ) g
' ‘ =
¢ -
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spriority than those currentlx being executed can take control of the

_processor, and lower priority interrupts that occur during the current

4

: proeyssing of a highe:‘priority interrupt can be saved.and processed

in orderp7f priority after current higher pr{orit} processing is conplete.

V‘ L1
Realstime p gr anlable clock. The clock i% used %or the main <§

- tining functibns of the operating system by supplying interval time

buffers to routines that§¥equ1re ximang information. Time is used in.

" the CNTTQ‘operating system for visual CRT difplays, data 1nterval

EN

~ timings, and time-out routines employed in data collection and DITRMA

-

£

training. The clock is also used to decode the prerecorded audio
[ M}’. -
location signals present on the control track of the tape recorder

-

used in the auditory feedback system.
mg@_nwmmm The PDP-12 CPU (Central Processing
N
Unit) has an extended arithmetic processing unlit to assist in mathematical
proces51ng by using the MQ (Multiplier Quotient) register as an additional
12-bit extention. The EAE permits the use of an additional set of PDP-8I ; -
1nstructions for 24- bit arithmetic pchessing. / S ';‘»

Auto-index registers, Both PDP 81 PAL and LINC instruction sets

[y

& .

' B
, make use of hardware auto -index registers for progr:::;:glapplications.

/
These registers have different functions dependi/g the instruction’

\ V.

set being used‘and the applicatdon required.:

Power fail/restart. The power fail/restart-system provides

- .

hardware that detects a potential drop or approaching drop in the AC power
level to the processor «This causes an interrupt to level 0 o£ the API

which saves-the current m?phine level and register status before the act 1

o X
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power fail occurs. When power is restored, the hardware automatically

-56-

¥
-

"

-~

e

restores the original machine status and continues processing withé:t'
. e _

1o0ss of data or important information processed prior to power failtre.
P /

provides a 9Als signed multiply instruction for increased arithmetic

- processing, -

“in the PDP-81 assembly language instructions. The'{ogiéal unit

Hardware signed multiply instruction. The LINC instruction set
' @

A

/

Memory and storage }
— ¢ j

Core memory;{ The PDP-12 core memory is an §} 12-bit word

configuration which Es“arganized in two 4K stacks for ®the PDP-8I assembly

I

language requi}epents, and into eight;lk stacks for LINC gtogramning;

- v

Any portion of.memory is avail %0 both proéessors.
Jo .- . / - S .
LINCtape units, The PDP-12 system also supports two LINC-

N

tapg units which are switch 91eéfgb1e for logicai un§t assignments
from un';\g.through 7. anﬁ uﬁ;t's internal data organization-

is identical to. that of thé disk unit internal organization in

that each unit’contains,896 ;plocgs of data with 400 octhl

g
12-bit words ‘each," Progtan‘and/or data information is resd -

or written in these 400 octal word b;ocks minimum for the tgpe

. . . .o . P
units and half block (200 octal words) minimum fo; the\disk
. ] . 5\ - .

. ¢ .
logical dhits, ~The LINCtape units are programmed through the LINC
_ . - ,

&

assembly language instruction set,

DiSk unit! A 1.6 M word (12-bft) moving head disk cartridge

Y,

device is available to the central processor for data and program 4

transfer. The disk is organized logically into seven contiguous

LINCtape units that are'accqssed through the disk instructions found

assignments are 10 through 16,

Yy . y
.

J .
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¢f¢9 Direct Memory Access channels.(DMA). Communication to‘and from

the central processor is through the DMA on a data break cycle scheme.

This permits data and prOgram transfer units without loss of program
control. A tape and disk unit interrupt structure allous program_ °

response to be keyed to the completion of tape and disk transfers.v

| e———

Input Hardware . N . =3 o
] P " ’ Y, -
- UDC8 I/Q input subsystem, The Universal Digital I/O subsystem contains.

N

incoming interrupt identification and scanning controller to isolate ex-
s A

' ternal events, such as button presses. and a scanning controller to identify

i

the specific source of the interrupt. When the source is identified, the

£,

uDC8 1nterrupt is presented to the central precessor for processing

The 12-bit interrupt module of\the UDC8 corresponds, to any of the 12

&

possible parallel: data’input ports originating- from the directly connected

observer button_boxes or TOUCH- TONE telephone Data Sets (Module 403—E ' e

Data Seu). Th‘hcorrespondence from any coder- initiated external button

press interrupt 18 to 12 sets of 4-bit, voltage sense p01nts that are

LA

sampled-from the central processor and processed as BCD coded data. These

4-bit codes allow entry of up‘to l6 separate categories for numerical and

! control character proceSSing. Currently, the ‘numbers 0 through 9, and

the control characters "ENTER" (send) -and "SKIP" (clear) are used The 1.6’
four .remaining u;used codes are available to CATTS for additional control |
or data characters for future applications which L;; require them. u

Console keyboards.\ The central pr:cessor has available two consolei

b

1nput£§cyboards for external opprator control. The CATTS monitor re-

+, ceives its directives from a 10 CPS ASR-33 keyboard. All communication

i/

Qi}h the CATTS monitor_Briginates from. this keyboard.’ An auxilliary

2 'S j

'6'( ).
(v
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-30icps keyboard is also available\so CATTS and is used for independent
" communication to external time-sharing compufing systemq for/data transfer.

kS

" This 30 cps LA30 operates, independently from.the CATTS monitdr. In case
s [ : ) :

of a ASR-33 ﬂaifunctiaﬂ: CATTSfmonitor céntroljcan be transferred to the

" LA30. | R | ’ -
. b - A \\’//?. . ) \

Input communication.ports. There are four multiplexéd asynchronous

)

ASCII input ports dvailable to tﬁe central’é&oceSEor for/ external informa-
IR _ B ' SRRV AR : ‘
tion input ‘requirements. These ports accegp.standardﬁgibitxcharaqter trans-
, 7.

mission and present an assembled characteétbufger to the central processor
for processing, Two 300-baud ports are'currently assigned to Data Sets

v q

" for external coﬂmunicétion.tg_cpﬁputer time-sharing systems. The remain-
ing two ports. dre connected to the Electro-General model 804 DATAMYTE dee
.'.- . . t - “'r). . . “ ' '@_ }

coding units which decode observation information collected on cassette

- A\_, N - ) . “. ) : . ,.‘r Y . :
tapes. with the DATAMYTE model DAC-8 portable collection units. The cassette

¢ datd tapes ﬁre‘décéde&{aﬁ&_translated into 8-bit.ASCII characters, and trans-
°mitted;¥b‘the pcoZ communication portéfhi 110 baud. - o

s ~. - X - . , LR R )

.. - High-spéed paper tape reader.. A 300 cps paper tape reader unit is

. . - ' v . .
' ‘also available for data and program input. Its use is restricted only to
" those times when both the disk and tape units are nonfunctional.

N Eight-chénnel Analog to Digital (ArQ)_converter. The LINC prqceségr

' a (e d . ' e
and its instruction set can access'a multiplexed eight-channel A-D converter
- . : »

. » device. Currently -CATTS does not require &hé use of ﬁhis'&éy}ce.
’ P o 5 : -~ .ﬁ"

~  Twelve external sense¢ lines. The central processor gso has a 12-bit

} v . N . . ) B -
external voltage sense buffer<that can be égmpled directly through the LINC

. instruction set. This 12-bit buffer is currently used ta-detqct coding"

box "on-off" status for the CATTS operating system..

. B




Output Hardware . \\\\ /

uDC8 I/O Output subsysteny The three oﬁtput components ava11ab1e to

CATTS from the-UDCS are the SOlld state f11p/f10p output 11nes, the relay

control 11nes, and the f0ur channel mu1t1p1exed D1g1ta1 to Ana10g (D-A) ©
/ '{

converter. Through program control any of these three c0mp0nents can be

selected to perform an output funct1on// CATTS uses the sol1d state f11p/
“flop output lines to control small LED'(Light-Em;ttrn Dlode) feedback

"signal lights located on each of the directly connected button boxes. e ~

~

re1ay control 11nes are used to operate under computer control, v1deo and

(Y

«

aud1o remote- control tape recorders, and the necessary connect1ons needed o

to control and answer-back s1gnals required by £ﬁé various data phones

The .D-A converter is used to generate frequency -coded 51gnals on the a1ter-

. dd""’ay“if Ay g‘%‘b P )

o -:te “of control track of an audio tape recorder wh1ch is usea to,locate-

L 40 . Y B
" the appropr1ate message for playback dur1ng the ‘audio feedback app11cat10n

N L
- " Thi's is accomp11shed by uS1ng the D-A to generate a tone of a spec1fic o,

frequency. S ‘ R é . ,‘ - ’,, " i o '_\'

Console Printers. The two printers associated;with the two console

| keyboards are used in the CATTS operat1ng system The CATTS monitor printer

A £ the ASR-33 and it types qut prompts, status messages, and«error messages

When requested or generated from the 0perat1ng system Because Oﬁ—thij

@

reduced and periodic pr1nt geng:ated from the monltor, thp 10 cps pr1nt

0

speed of the ASR 33 s more than adeq&gie fon the function séﬁved ; ‘f'f?._;'

1

B For other, pr1nt1ng¢needs, such as ?éQSENgor data tape dumps and print

generated from a remote time- shar1ng systenu;the fasterxLASO 30 cps matr1x

<

pr1nter is used Thls prlnter, 11ke the LA30 keyboard, 1s completely in-

.
dependent of the Cézﬁs monitor.

' . . 3 . ‘b . R i - \. & o

g . . . - ‘ . i - . ‘ :1. . :

b}
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‘ '_dr1ver c1rcu1t comblne to proV1de the UDC8 input sense 11nes and 1nterrupt

'dutput\ASCII character ports represent the companaon un1t tothe 1nput

¢ laboratory and transmltted to the remote classrooms via closed c1rcu1t

" power grounds. 71r
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tiN communication Ports. The multgplexed ggur channel asynchronous

Y

)’N

' mmun1catlon scheme descr1bed above Slnce the DATAMYTE 608 decoders do-

not requlre output characters from the PDP-12 system, only two of the four

!

output ports are’ used ,These,two, 300-baud ports correspond W1th the two‘

* . Data’ Phones that communicate with the Temote time- shar1ng systems ’These

<

/
two parts, with ASCII 1nput and output capab111ty,‘ allow the CATTS operat1ng
system, through a time- shar1ng scheme, to become a remote term1nal for
data transfer to and from the»CATTS PDP-12 system~and the-time-sharing

system. | L - ' ™~

_;xh-speed'paper tape;punch - The 50 cps paper tape punch .s used)by .

CATTS as a back- up data dump in case of a data storage malfunctlon»ln both

the. tape and djsk. storage units. o o ‘;}-":
- CRT Displays. Two 1ndependent CRT di§plays with/poant-and characte{\'
generatron suh/rocessors are ava11able to the PDP-lZ system’ through LINC S

=7 .
mode 1nstrucblons CATTS usesﬁthi/d1spl§ys for 1nstantaneous v1sual feed-'

+ u N

back app11catlons Data 1s d1splayed on- the CRT screzns located in the

T

,telev131on- . v . : _,_,__w/ I T N

. . . G ow
¥ F

. Support Hardwaye Components n ) ‘

SOlld stat data entry button boxes Flgure 16 is a schematic” representa-
’k .

" tion of the d1rectly connected*paralle% “data button ?oies ushf by the ob-

s
servers to enter data into CATTS. The encoded keyboard circuit and the bus . .

~

o

lines W1th a 4-bit' data code and a single l1ne'1nterrupt pulse. - The re- .

ma1n1ng l;nes into ‘the button box proV1de pnwer to the solid-state modules,

coder feedback lxght/éontrols box on/off sens?»c1rcuit and common 51gnal

-
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e _ﬁDATAMYTE model 608 coupler/deCOder TWO couplers and two cassette

oo
: ._( TS *-\&*\\1“!(.‘.-

ta&ﬂa?icﬂ§ders %ge connected to 'the PDP- 12 through the DC02 commun1cat1i?/
N s 1)
Pofts at llO\baud CATTS collects the data as ASCII characters and converts.

’ N\
the characte s\Knto an 1nternal code identlcal to the code collected by the

:d1rectly cdnnected button boxes. Thus ‘at any later‘tlme, the‘couplers

¢ N

i
can sryultaneously process DATAMYTE data with the collection of real-timé

data.

TOUCH-TONE Data Set. The Bell telephone model 403-E TOUQH -TONE Data

3

Set converts the TOUCH-TONE telephone signals into a 4 -hit parallel signal

together with a strobe or 1nterrupt signal for real time data Collectlon
from remote classroom 10Cat10n3. Each remotely located TOUCH-TONE .
telephone requires.a corresponding 403-E Data Set.foridecpding data signals.
The visual application of a real-time TUdCheTONE data collection system is
to outfit a school with telephone jacks in selectedgc1assrooms‘and provide
observers with a plug-in TOUCH-TONE telephone to carry fron classroom.

- to classroom, - - : .

-ASCII code Data Set. A Bell telephone 103-B Data Set is used for
'two-wa; communications between a remote computing'center time-sharing d
system and CATTS for ran data transfer to mass storage filee and for
remote transm1ss1on of CATTS summary feedback generated by CATTS on the
. PDP 12 to telephones located in schools Where TOUCH-TONE
|

.. data collection is taking place. ™

Automatic Calling Unit (ACU). A Bell telephone 80l1-A .Automatic

Calling Unit is used by CATTS to automaticnllf place a call to the remote
time-sharing service for data transmission to user storage files. The
ACU removes the;neceSSary PDP-12 operator intervention after each data
collection session is completed and data transmission’is reouired,

Ealy . .
VI ) , .
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CATTS is programmed to‘autonatically call the computer'center after each

sess1on, establish contact with the’ t1me shar1ng system transmit the data,

’Jand ver1fy success of transm ssion. ;:\\\\\

\

Remote- control VIR\B pe Recorders. Two Sony AV300/AV320F l-inch

.rémote-controllabgg tape recorders are connected to CATTS through the

ubDC8 rel%g buffer. The tape recorders are used in the DITRMA system where
the tape stopping and starting is under program control.

' Remote-control Audio Tape Recorders. Two TELEX model 1022 audio tape

recorders are connected through the UDC8 relay buffer for remote-control

operat1ons tied to the auditory feedback system The recorders are stopped,
- | ,

started;, rewound, fastuforwarded, and placed into record mode by CATTS in

order to fulfill the functions required. ’ NN

TOUCH-TONE telephone to UDC8 interface. A solid-state interface was

‘ 4
.designed to translate the ‘signals generated by the 403-E Data Set, making

v7 L

‘them compatible with the sense-line inputs located is the uDcs inte;face.

A

The translation of thesé signals then corresponds to’the same voltaég ‘range

~of the d1rectly connected button boxes Th1s translatlon permits CATTS to

process the incoming data-51gna1s the-'samé for all real—time data collec-

tion devices.

Miscellaneous Audio-visual equipment, 1In order to operate DITRMA and

display CATTS 1mmed1ate visual feedback, various pieces of audio-visual

equipment are used. This equipment is not directly connected to the PDP-12.

v B ("(

g

. -
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~ ( CHAPTER 5

Software Operatlng System Components ) 4

0perat1ng System An Overv1eW\
\ ~ F] lﬁ"
y ?ﬁ The CATTS real- t1me foreground/background operatlng system was‘
developed at CITH‘u51ng the DEC DIAL-MS operating system. lhe 8X

core limitation prompted system development in .the early stages‘of

g

CATTS research and'has_since evolved into a flexible and responsive

'} system that meets the Specific‘requirements of CATTS applications.

. The basic design of the real-time operating system is comprised
of foreground I1/0 handlers and a background processiné loop; .The -~

foreground handlers are a551gned to d1fferent levels of the API, and

o

the background loop contains the‘tRT refresh and task schedular

¢ outines. The system is controlled through a console teleprinter

monitor routine which permits operator :9£trol of and assignment of
) ¢ } L
all CATTS functions. The r951det operatlng system re51des in f{eld
A % (‘
0, and various CATTS application routines reside -in fleld 1, *When

1

called, some application routLges remaln core- re51dent bhlle other

quick-rTun utility routines (ﬁr1nt statds, etc.) are scheduled 1nto a

.

shared X ut111ty area of core.? All app catlon routyhes may be .

«

T,

loaded or unloaded through mon1tor control A memory‘map is main- _ "

" tained, and current core status reports-are made avaxlable through the -+
N . B . -
. 2 a l‘ - - . L,‘,
monitor. - o . Tose
. . . T{»\i . '

v

The system is generalized to accept data from any tize of obser-

¢

vation system, and, in tumn, to reformat the data "into Standnrd'l’ze“d data .

o | A-m‘
' { J.
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¥

file structures. Backup routines for system storage malfunctions are

- 1
.also part of the core-resident system and they are able //

to automatically exchange disk, tape, and paperatape han)lers in order
to insure against data loss.
The primary requirements that the operating system was designed

' C /
to process are: 1) simultaneous data collection from three different

sources, 2) real-time CRT feedback on two independent channels, and
. P '

3) an intermediate data storage and transmisgn facility for data

- | RS R, L, '

transfer to a remote computer time-sharing system.

Data Collection. The three data collection sources (parallel

'input button boxesv TOUCHwJONF telephone input, and. DATAMYTF cassette |

»

: tape 1nput) are processed simultaneously through a-foreground/back-

r grbund interrupt design. The API hardware systeﬁ provides the facil-

.ity for reSponding'to external 1nput events in the foreground mode’
/l. : ' \I‘\
by placing ‘the data onto\h background sthking routine for delayed

L g s ¢

processing Time intervals between data entries are»appended to each

~~
&

L3
?>1ndixi ual: ‘ircoming”. data point by the foreground 1nput and clock hand- - <;;

lers. Incoming DATAMYTE data carries its own corresponding digit tlFE‘

v
g

intervals.and skips the clock routine. - . \
J .

o

“Real—Time CRT Feedback. The two CRI ‘feedback displays are re- ,

\ .
freshed from the background dlsplay loop.: D;sp{ay buffers are filled
a ,/ /‘

with,informatlon extracted'from assigned 1ncom1ng data streams De- . [

pending upon the’observation system being/ ed' o»collect the data and @
’

%

’ o oo . . "
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alized system that require continuing program development for feedbagk
applications. o ' )

Intermediate Data Storage amd Transmission. Due to anitcipated

3

time -lags and down-time peiiods in the remote computer time-sharing

‘

service, an intermediate data storage digk uhit contains completed

g . . . .4 L .
observatlon‘se551on data files. Each completed data collecthn ses-
-

sion schedules a data sort routine to extract data points corresponding
‘ ]

‘to that input source from an interlaced data scratch file, and appends

the,sorted data file onto the‘fﬁtefmediate file unit. When the remote

3

time-sharing system is available, each file is automatically trans- -

mitted to mass storage through a scheduled background loop transmission

e}

.Toutine. )

Printed ddta summary processing and analysis is performed on the

remote computer time-sharing system. Upon completion of a coded

% '~ .

observation session and automatic transmission of the data onto mass

storage files, the operator nay log onto the remote computer

‘ .- )
,service from any time-sharing terminal and may request various sum-

maries of sélected data files. The decision to transfer all user
summary processing to a larger system is prompted by: 1) more effi- .

4 1 '

cient and larger storage facilities,'2) multiple user access to data ]
files, and 3) various summary and analysis programs available in higher -
~

. 28
‘level languages .~ /

\’\5\"5" > . & .
. L, o

X
[

- - Law
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Qperatlng Svstenm (0.5.): Fuhctional.hoscription

This. section covers the software 1mplemontat10n of the CATTS data
collection and feedback “functions. CATTS requirements are 1) to collect
data from three sources to provide various real-time, instantaneous
audio and video .forms offfeedback during thc data collection, and é) to
generate a printed form of feedback at the end of the le;SOH-

The operating[sy;tem developed is required to support these various
real-time tasks and to fit the PDP-12's memory and interrupt-handling

hardware. Specifically, the operating system is a set of

procedural rules that manage these computer resources, handle program
P

standardiz%;g input/output functions and provide program orgahization
gu1de11nes. The CATTS appllcatlomyprograms adso make use ‘of the hard-
ware I/0 features and conform\\o the procedural rulds adopted for the

operating system. . = @

. ,_ ;
0.S. Resources: Features ‘and Use
The teletype hardware ‘interfaces, al though programmed sOmewhat_

differently, have a standard software interface. The standard console

our,,

L'
teletype and the additional teletype 1nterface option DPI2-A, are

interchangeable, as is the command conqolé; The command console is a .
’\ . % Lo -
shizid device for 1qé$ract1ve routines, programmed control functions, i

< . N s\’i .

-
a

| .
and.error message pr1nt1n§ Any of the four DCO2-D-stations are Pt~

selectable at program run time, and interchangeable from the command
"v

console. The high- speed paper tape unit is 1nterfaced in thiésame man -

ner as a teletype unit, "even though the tape reader rethre§)a "fetch .



. . s

chargcéer" initiating.instruction.
" The LINCtape and disk have a similar block data transfer sﬁructure.

These units are shared and interchangeable for data and program storage
‘ A
functions.

\ :
The UDC8 unit is hardware dedicated to part1cular CATTS I/0 appllca-

tions. The button box funct1on can have each box 1nd1V1dually ass1gned to’

a different use, such as data collection, DITRMA,uor interactive operator

T~

control.

e b

The computer lab data panel, which includes’relays, A-D channels, and

, programmable Schmidtt-triggered clock inputs and controls is also hardware

S \

dedicated to individual functions.’
The programmable clock is able to have tasks added to’ 1t//;1m ag func-

tien8. 1Initially, it proyldes .8+ “eal- t1me)1nterval 1nterrupn,that is shared

Z 7

&y\bperating System routlnes and appllcatlon programs. ;7,,

. ’ b AT A
v dlvidual data bits of the hardware Spec1al Fundklon regaster for

/ ,' i i ] ;

e

program’ control are reqd and. manlpulated ‘at will for h%rdwaré/software /)
V- :

programm1ng code efficiencys -

7 ) L3

The software interrupt structure is éugbented by an Automatic Priority

Interrupﬁ (API) hardware Opt1on S0 that a single-level interrupt feature
is not. used The LINC mode instruct1on 1nterrupt trap feature has also
. A . ( - r
' not been_implemented. : : : 2

B . M . I3
. - : : > ' /

4 . £ -
Aa-‘<j o The CRT.display scopes are program refreshedw@and refresh routinEe‘are

added by the Oif} as needed for TTY "printer" type displays and data col}ec-
. \_ \ '.\ } )

tion’ feedback displays. S '2'

1.

.‘\&wé' The left and right console switches and the - program congrol sense

switches 0n the programmer s console are used by enly one rout1ne at a time

e under operator segectlon P\¥%e,external 1eve1 sense 11nes “axe hardwf\ed with
-

- . - 4

. [ . ! -
¥ ) 5 !‘ . ).k’\) . T

\

L . --;S.
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some of the UDC8 module I/Omhoards. "There are hésexteigai sense lines.
//“\“ Memory is shared according to two methods.Y One'methodxshares;a parti-
:tion of memory as though7it were a device of its own, and the other method
aecepts absolute'aadress program>ioads.‘ P -~

) - ! o . BN -

Mu1t1atask1ng oy S ; : B - '/f

A task is gne of{the cooperatlngArout1nes that collect1ve1y const1tute

") a p&otram. ‘Some tasks that handle a partlcular device take their computer )
t1me through the jumper wire ass1gned to a priority 1nterrupt 1eve1 of the API.

There is. no softﬁare priority a£51gnment or arb1tratlon for non= 1nterrupt

\ ‘tasks because the PDP-12.does nbp have’ the necessapy stack instructions for
- ; _ b s gl N
code to be sha: :d acr@ds priority 1859;5., Initiating Tequests for~these
oy, o - S (. , :
& ““non- 1nt‘rrupt tasks are lined up in an Attention Stack. The code that con-_

t
¢ '

" tinues to looo at the bacgground 1eve1 of the API deletes these requests to
b hindled in é\sequent1a1 manner. ) = | ' ‘ gh.
Thegefore, thznuéh the Attent1on Stack external 1nterrupt1ng events

initiate backﬂhoﬂhd tasks that can use shared and Te-entrant %ode.
Q @

A background task can then,,1n turn, initiate an external event. which

vthat uses another 1nterrupt dev1ce~to initiate output to a -

TR e

pr1nter to 1h;t18t§ga dlshvread, or disk write instruction. _

;;5 :‘, o If there'are no§othzr ta;ks which use; s;q.ifi; device' a task\eah
‘;?'y fuse. the dedicated dev1ce at Rill. But if the device is ghared requests
for 1t must be étaeked for sequential hahd11ng The SchedLle routine per-,’

fprms\thls;funct1on and can be called onlébfrom background tasks. An Eject

handlers. N ' v /" \E : '_ - .
7 o o - o : A)~§% N “

<

3 R

. \
function handles thégg ;txggs from one request to the nexo for all dev1ce

7
)
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e @ ; -
Generally, there are .two methods of inter-task communication..

’

k The first,
N from afl external 1nterrupt1ng Fvent through the Attention Stack to a background
b S N - 1
’ task Qeresponds to theé input step. . The second from‘a‘background.task to
/ - ¢

4

o 90551b1v us1ng the Schedular, corresponds to

an oxternal 1nterrupt1ng event,,
£

the outnut siep

s

7 |
Fhe bufﬂBrlng and compute step generallx occurs at_the

background 1eVe1 whefb math packages and buffer1ng rout1nes can be shared

x 4
’ -

Some ‘device resources are used on1y by, a part1cular ‘program to execute .

a specﬁflc hardware function. h}hers, like keyboard 1nput,.mayvhave several
such as being dedicated to a program onlygwhile,that‘nrogram is core

»

uses

‘ w
- re51dent w1th that . se&ected device’ Other device resources, like the disk

‘and pr1nters are shared by several programs that are loéded i1mu1taneously“§§

- l N

. The general approacﬂ to 1mp1ement;ng the CATTS 0aS.

is to conceptualize

< g
system requirements as ee 5eparate stews of 1) 1nput, 2) compute, and
3) output,k‘%inee input ,nd out®ut run'at d1fferent spéeds, 1ntermed1ate
‘ . © b
buffering is required and grouped with the compute step. ?
¢ ' Also, s/pce most CATTS programs useaaore than one deV1ce 1t is conven1ent
.o ég' . :
.. to separaf//the use oF ‘each deV1c 1nto a §%barat9 rout1ne Therefore each
3 :
;j; app11cation program'takes the form of a set of co- routlnes w1th some common.
% : ST AN 3 ) C N -
Lot data areas\shared by two or more of the co-routines. ' . .
S . - ., A
Examples: ' o “ v &’/i p
' \ .a) { ! 4:», E.-‘ ' F o (b) t ’ ’ C) . : .
. » [ INPUT = ECHO TO" ¢|' DISPLAY |[- CHARACTI_ER'.BUFFERVF T
- CPRINTER. |- ¢ g .
’(}nltlate “(Passive-- (Initiates on
T4t each . on background " buffer. full)
characterr "WRITE TO loop) - T s
; < . . (/ . TAPF: . . NG oy
. ) ' < _ Qg‘a} -~ i ' K <
M g, . “ .,‘\. . - -! . - - ,\ =, ', . - 'L. - ., - .
'a [": ln - ) . '— " . o7 , 3
A . _ . ) . .
~ . ’ \ &
Y - . N K ~ \
) ' RSP ™ &
S . -

ERIC " -

Aruitoxt provided by Eic:
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\/"') N " - / w“
N - « @ . . . ) A
#stention Stack .

E3

As the PDP-12 does not have the necessary stack instructions for code to
. be shared across API levels, a combined interrupt and polling method allows
‘ " : )

chdtracters from different devices with different API priorities to be handled
b} the same Erogramt
A small’routiﬁeithat uses only ‘the AC (Accumulator) ‘and MQ (Multiplier

K

& .
- Quotient) central processor registers can be shared because the AC and MQ are

v : R . . .
autopatically pushed onto a register "Save stack by the API when an interrupt

"\_ \ ) . ’ ' )
. . is serviced. The API %hen vectors machine control to discrete handler code,

wh;ch clears and. responds to the 1nterrupt The handler may want to continue

processing at the .background level, or it may cause a character to be passed
‘ ‘ v

‘ -
P

ta the background level. To do either, an item is queued into the Attention

s\
T

e Stack. “_ 13“ . o - :’ ﬁ
N N l\.- . € ~..f ) . ‘ " . ¢ » B ., Q., ’
\ﬁtack Destripngpn.dg%ach itemton the Stack cohsists of tw0\12-hit_words.
v
One of the wordS 19’the 12-bit address of the waiting hackground foutine. The

three h1gher ordered bits of the second word 1nd1cate the field of thp waltlng
\

: ‘ &ackground rogtlne. The other nine bits are passed to. the walelng background

‘ z

"« routine and can be ‘the dgta charaCter read. If’requifed the 1nd1Cator of a

‘ .

‘dev1ce from wh1ch a‘;haracter originated can also be encoded into the 9-bit

v Fharacter field.\ o ‘ S T f( j ‘ —;.; i

¢

- ' Input Enable Fach ‘handler has dn. input enaBIe fieid régiéter and addreséﬁ

o Rl )

; _ register * When 1npn£\1s enabled the field and address reglsters contain the
V-Q - ¢

15- b1t address Of’/he‘waiting background rout1n% When input is dlsabled, the -
. ’ . ’ - “

enable address COnﬁalns a zero. \ : o

N

im,g‘,t,' ‘Each handler ¢an_read the character set the Ffeld blta and load the find

into the MQ. The yandler then transfers the enable address 1nto the AC
K - . -
5 . . . . .o - s -

s : o 2 ’ / Yoy T -
e o " : = . '4 &“«"\‘ R - . . . '
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3 . @
. ° . .
‘.

e v’ - [~ : B
-

- 7
g The routine that places the f1eld and address words onto the Stack w1ll

testﬁthe AC. , If that value is zero, these words will not be placed onto the
Stack before the machine is restorea to the "before-interrupt” status. If o

rionzero, these words are 1nse;ted onto the Qtack using an auto 1ndex reg1ster.

. ‘ - a“
‘ _Interrupts are temaorar1ly suspended so that the'two words are not separated

s : . °

by.another word'pa1r " since this insert rout1ne 1sishared across all API levelsl

DI The pollang is dqne in a background loop (API level 17g) wh1ch mon1torsv
r . >

ey

the-ﬂttent1on Stack 1nsert po1nter When the Qtack DbEetp rout1ne detects a

e Cﬁ

R "stack entry, it removes that’ stack item .and passps the character field to'
N "’“- -._
RS the wa1t1ng background task When the task is- completed the poll1ng mon1tor

1 P
~

returns to the Delete rout1ne fo look for add1t1onal entr1es on the Stack

’-v

»

‘The insert. po1nter 1s‘reset when the stack delet1ng process is complete

< Control 1s passed to the wa1t1ng ‘background rout1nes from the Attention
L .
v . Stack delete code w1th a PUSHJ 1nstruct1on The last command of all waiting ;

background routlﬂes ls a RESTORE&1ns ruct1on wh1ch returns control, to the - "zf

@

LN

” Delete rout1ne %lEndang rout1nes w1t a RFSTORF allows mu1t1ple entry po1nts
—

—- ~.

‘.:'_ to.that\rout1ne. Entry at those- po1nfs can-bhe made as an uncond1t1onal trahsfer l

T, N 1, . {*.\ A
¢ o

us1ng §>JMP 1nstruct1on or as a suhrout1ne call us1ﬂh the PUQHJ 1nstruct10n

LS

The delete code 15 a task in the background loop ‘ The other/tasks 1n the
loop are’ normal ) d1sp1ays. Wa1ting background tasks acqux@g mach1ne t1meb 5

’ . L ’ S
_only uhen requested through the ‘Attention Stack. ey Ny

~

° ' o e, .
. . . . . . . ] . . . -n?‘i,.;‘v__ i
o /Sched&lar L . Y . L
. », ) ] “ B N . 3 ,»J ;' ; ‘ B .v' . s . :"

A \§eVeral deVices are sharedhhy:the application programs' disk, tdpe, unca

nooa
' . - -

Qonsole pr1nter, etc. Requests for these dev1ces mist- be stacked 1f A requested

, - . . . \\\' Qv\,l ’- L -4
' dev1ce 1s busy w1th an earl1er request( DL ' :

e o e T .
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Requests. "Each request for a shared device is made to a routine called
nequests A que h A :
the Schedular, and each request has $pace reserved for the tag to another
- . _ g .

v

requesi, should it be neé@ed§‘AThe sbecific format is:

Ve
. . TAD DEVICEN T

JMS SCHEDS . o \Q

'/ ) o K 'Tag area and

Request bhusy flag S S | /
(quﬁest) : G S

Y i . _ R

]

This tag area is- also the 1nd1v1dua1‘%equest "busv" flag A zero value
. A ,ﬁw’t
”indicates-the ”not busg@ state. - S *w§;~ LT
- | o : . e e T T A A
Device requests are s;acked‘hv putting the address of'the~requesting

¢

4 routlne in the busy flag_area of the prev1ous1v qcheduled request "Thus, the

~

‘request ‘list has the fofﬁét of a forward-linkéd list. .

o0 i - A . . . ', . - I .
® i i . - .
o . 2 A . : - EN
| . Lo 3 -8 ~
' : * s . 3 ' 4 .
. L. : “

"

For example 1f three requests are-pendlng on a partlcular dev1ce, they

would look 11ke this: "k : . “

T . . . BTN § ' ° - ) . - ’ '
’ S LI g N JMS 'SCHEDS ’
Lo T R S o
E o ..

» _ o . - R1,,(Reque§t)

S : L Field 1 - . . R ‘,
TR e . GIF.00 ' ‘ A -
. ~ % ~ JMS SCHEDS

v ! . T &Q 1 0 A i e ‘b. .\, - B B ~.
. - . Re, (Request)- . T

e

‘g"\-i_'. ) . . ] "v’
[ N . .

R -' CIF 00, .. - - .
T e : . . JMS SCHEDS " : o ) ;"

0o FAR A -
R3, (Request)

. : T
. ¥ . .
. . . ' ¢ Lt . \ . : - PR
4 ) . LA = A . - I A

A e B Jo. l v - i }: . S . N . ¥ N g
b, . T . ' . e . S . 5 - ‘ o ) .
L e " ) . . @ A . ] . . . N
: .. - . * . oo N - . - . J

N - Lo g . a - - . .

. .o e .
.

& y o . N
@ b‘_ N o
~ ’ N . - va-
N ' v }) ;o
4 . : . : %
e o ' T ’ ' R * ' - &
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Device Control Blocks. Each shared handler has a‘DeQice Cbntgol Block
(DCBL which is‘a s;t of parameters thqt.are kept f@r tﬁg séheduiing fﬁnétiéhi
Each DEB table is i?nked to the other DCh with the’shme format empléyed in
device féquests. Positien in thfs iist is optimizeq Q;th‘respect to the
numberlof times requests will bé scheduled. 'The_fruqk list’for scheduling
is this™DCB list. Bécau;e the GETNXT subroutine is used for fréﬁéfsing fhis o
lis:, it is delimitéd bf the device--nof by. value. Be;ides its own linking
eleménts, each'DCB has a list hgader for that device's request list.

:Besiaes the linking élement, each NCB is identified by a devixe nqmber
wh{ch is i;em 1'06 é DCB table. Item 2s the list header for that deﬁiceﬂs
regﬁest list. It is also used for the device busy value. - Items 2, 3, and

4 are for handler initiation. Ttem 4 is initially a copy of the address'of

item:2 and can be qanipuléted by the.handler or the requést. An-example of

a-DCB }ist_forméé%is given Bblow. » A \
< | DEVICE CONTROL BLOCK S |
(item) PR \(tode) - . o  "“(comments) o
V ‘ o o .‘v o -\u - ) : ' ’i\‘: - - 0 ’
0 o > ..CNextjDCB-add:ess) ST . 47‘_;
© (Next DCB field) ' S S
R T O " - /.DCB nimber-
. T o ‘@ﬁt’ . : - . .
2 2 S » -/ Current. request address
v ' o . ' N vi .
- CIF CDF 00 or CDF .00° /'Current fequest fieﬁd-
s -1 , f Sl S ‘ L
53 3 JMP L.+17 .orgSKP . R RS
e, e Y 2 .2 . "4 Handler address .
(ﬁandler)l i ; b
. P R e ™y V/ "’
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o binked- List Format The particular linked list fprmat used in the request

. . )
% lists for each device and in the device list 1tself uses two locations imme-

diately pretedﬁl’.the 1tem'1n order to point to the next itém The first word
* of these two: next pointers. is the 12- bit address of the next item on the list.
. . , .
its six, aeven,gand eight of the second locatid;rindicate the field ofthe_ne;tk
1 _

- -

em. The last item on a list has a specialhend-of-list value in its next
pointers. s
There are several lists which the Schedular does not use, such as the

background clock job exgpditor list o the background display loop list i

~ -
Traver51ng a stream is done with a subroutine called. GETNXT which moves
" . v ’ R )
«1ts pointer registers from one modezon the stream to the next. It also gnves

3

a differential exit when the mode is the end of the list. That end of list

%, -
X . .

value is the device-not-busy”Value._N\\ ‘ . N Q-

) o o .. a
: Schedular Operation. The Schedule subroutine is caliéd with the devidey SN
. N W .

number for each requeSt being sdheduled. If the request busy flag 1s set,

scheduling ends. - If not busy, the flag is set to the device-not-busy value,'

thus simplifying the éject function. The selected DCB is located and its bugy'
> \ -

flag.is tested. If Busy, this location and the next will point to the:first .

-~

and current item in this device's request list. To add thl? request to the

.1ist, the end of the list is located and its next request pointers are altered

from the dev1ce-not busy to: the 15-bit address of the request to be-scheduled,

o . If the device is_notqcurrently busy, this request can be- immed1ately
L - %

! .
.. initiated. The DCB's;current-request pointers are set to this request nd :
T - “ - "
SR the handler is in1t1ated by pa551ng control to the field word of item 2. ¢ C s

——

',f,'lz. ) The return to the Attention Stack Delete rout1ne is accomplished by a
, Y

. RESTORE 1nstruction The Schedular is called using the JIMS 1nstrutt1on with

N 4

3 B ) ﬂ-‘ N M e v, . 1'A 3 ) N ) ) .
A ., . - A n
. . 1 - PR *.
L . : : (0 LR ) R . i -
, N RN ! U - Coan ?’?‘g
- X Al .t - :‘. . A . .

EEL N
~ ! “Tea .
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<

the selected dev1ce number in the AC. The routine's entry po1nt is in field ©
=

at location 1778,so 1L3{rect address1ng is not necessary for the JMS call.

'The Schedule subroutine,ends with an eventual RESTORE, and the JMS gives the
Schedular ‘the '12-bit addre§§ of the request The[data field regiSter indicates
Iy ’ N ’ )

the three f1e1d bits of thg request

LY

Handler and Eject. A handler can treat a request as parameters to be used
s

for transfer\of.1nformat1on or the handler will pass control d1rect1y to the
»” N ¢ . o 2%

request for execution. Item 3 of a DCB 11st 1nd1cates th1s.»

29

.o : . When “the request has been completed <i§§ dev1ce hand1er‘must be passed

2

.. to the next request or be .set. to the not busy value.” The FJect fui&tlon

oty

aCCOmp11shes th1s. Th1s furnction is called either from the hand1er or the

> (' P "
request at any API level _and it cues 1t5aown rout1n§“onto the Attention Stack.

L}

The Efect function is done at the bacﬂjgound to synchronize w1th requests and

. P AL
~to share rout1nes and code w1t§\the Sehedule funct1on. /)}//d/’/’ .;

The Eject function is called with the ndmber of the dev1ce to-be ejected. ‘

; " The DCB of that device is located and the address of the next request in line .

. . .- ..@.v» ) . i
is obtained from the ”nextsrequest” pointers of the current request. The ''next
§

o -

Fo

»

request" po1nters of the current request (wh1ch £unct10ns~as the busv flag)

R

&

«are.cleared upon complet1on. - Then, the code of the Gchedule funct1on which. -,

* <«

initiates the handler is used to reset the DCB's currentvrequest pointers and

to reinitiate the handler. If the current request is no% Egg end of-list - e

;-

marker—1 e., the handler not- busy va1ue-—the handlex i§ not 1n1t1ated\before
; . §

b y
iy - . S

uthe end1ng RESTORE 1nstruct1on.- o Lot e

«
[ . . .t

I Q- [;
‘ i 'u, The values for the device handler- ?ot -busy, inditator are' address = 2, "

o

f1e1d =O ; If an ifterrupt. sends a handler'to ggat locatlon the RE@TORE o
: P . s .f ,-i;‘: : " Y , . . \b . - L.
. ) B, . ‘\ . / SRR '
. 4] N , ) ~ ' %' = \ o ~ . ,
. r DRSS - o . -
- B} { ‘17 ‘.), ‘ 4 B ,.8 :V','x‘ i ) . ‘) "» / %,
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s instruction that is permanently stored there will essentially ignore this

interrupt:

DCB List Devices. The devices on the DCB,list~orevgrouﬁed into three
areas; the first group consists of the)console and auxillary (DPI2-A)

teletypes, the per1phera1 I/O expander (BA12) with four ASCII ports. (DCO2-E),

a
and the hlgh speed paper tape reader and punch These have enable addresses
5 ' C- [
Nk\\\ and keyboard handlers for 1nput, and DCBs and printer handlers for output
, 'The enable values are assoc1ated w1th the DCBs, and they are the two, loca-
N tions immediately preced1ng the 11nk1ng locat1ons The enable address is o
the DCB number locatlon mrnus three gnd the field b1ts m1nus four.
The .second group cons1sts of the mass storage,devices, disk and LINCtape
. B IR L Sl *\;3‘,:%' .
units ;ﬁu:”; ‘ RS .
- . : § < i
- The third group 1# the Ut111t Area wh1ch*functions as’'a memory part1-
tion dev1ce )
_ ~ Deévice Handlers .. . U _ : . gﬁ&.
. ' M L : » . -
\\\9>g; Mass Storege Handlers. Sinee ‘the LINCtape and disk functiomsfhn X Jh'
o ">51m11ar blocked transfer format request formats are the same for these two
- . ‘
deV1ces The”LINCtape un1t hﬁf a* dev1ce assignment numbzr 208 and the
disk, nunber 30 The general requesf format is listed below. N
. ?ﬂ Sy ,
e MASS STORAGE H;}NDLER
IN v‘ ﬁ( ' :) - N
b iy B 95 (CODE)
. e _% ;’k el L _
) ‘-.‘. n‘i %, © . - v “ TAD DEVICEN"- ‘
s e e . s JMS SCHEDS
- . N k4 o . . ) 0 . ? . 0 R N
N i '.:;" : . 0
Sf\ N | A 0 or 4000 ., .
Lo L2 S o PARMP -~

- gNotify here) -

. B
. Y .
x ) 2 . .

. . : . 3 f . N .

. C - s igg S :
4 A T ey Vo . L, - > .' ..

% 5w . Co R e . o B TR - M 4 . ~1g

- - - y AN . . - < h
: N oo . Nk e

,}Page) AV
s f Pagej} L -b..’,; L€ T ™
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Ttem 0 is the tag.area. Item 1 is the read or write operation indicator.

S Bit zero of this word is cleared to rjead' or set to write. The remaining hits
of this word must- be cleared. | Item 2 is a pointer to a tahle that indicates.
hqw ”mnch information is to be transfered to/from where 'in memory from/to where
on: the :device. ;Fh‘is -tablf must he in the same Field as‘the reqdest.
_The disk is d1v1ded by DIAL-MS (r)EC plg{gram development sof’tware) into
©

seven logical un1ts and that same convent1on is emplove hsv the N.S--disk

* handler.’ Sg, item 4 for the disk can range From zero to six for the LINC tape

a " from zero to seven. Item 5 indicates wh1ch propram or data block of the
<) i / (
‘selected un1t is to be used in the trans.fer and item 6 1nd1cates the memOI‘V“"*“t
»

locations to be used. Transfers must occur on nage boundanes w1th %he page

number indicating the first page to be usgd. For example, page 418 is the
+ s€cond pége of the second field. Item 7 imlicates the quanti’ty of papes to

be transfered and 'this-muqt be greater than zero. The LINCtape is tapable
¥ ‘ ' . - ¢
. \ sf'er1np on1y two page blocks, so item 7 must al,ya_v?he an even nunmifer.
> ,‘ "'4__ - ‘ -: '
- {But the d1sk opt10n of tz%efenng half blocks (i.e., single pages) is imple-

o, oS
. 5 . .
RS mented by the disk handler so item 7, numher of pages, can be any integer

number for disk tran fers.

" i 5 4 & .. ) ‘
. The handler f1r\t t3 '- read or write bit from the contents of the 3
request addresvs‘; XS btynsfer’ parameter pointer is used to ohtain the -
- necessary‘.‘informationf vand, afte th,e,,_biocks have been read or written and
-~ ‘ L PR T ,
- 'checked the normal exit is:-taken. \ . - E o
W -V‘ 7 ‘_.
- A
"_ . Cont<r01 is returned to item 3 througf\ ';% Attention™ Stack from the handlér ‘
. I R
. ,i!s'aborted in an gttempt to,
P , .‘ / ! \
E , if not, a'r2008.character is
ol « o0 R , : S, e ' ”p' ) ‘
) 5y ) x@ ,_l Q ; k“ 2 A ’*:..1?,“»)’, he . . . ) . . B .
S G o = s L . :
. oo h ’ o LI oA : ST - :
P | ) G d . Lo/ A .

e~ [ : ' . 4
. N I K o
4

RICT e ot T T T
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L

-

X,
<

returned from the handler. This request will have already been ejscted,
- . - v

~ causing the busy flag to be cleared by the time the notify routine, item 3,

\_\

" takes control. T I ) . )
Each handler does error checking and reattempts the transfer if possible, -
The LINCtape handler uses two tests included in the PIP (Peripheralgnterchange

Program). Each read or write command 1ssued is accompa@ged by a

maintenance register test to check if the tape is in motion. This test is
positive when the unit is not thumbwheel (operator) selected, when the remote

select switch is not set to 'on,'" or when the write lock is on during an
)

at?empted write. A background clock job allows the transfer forty seconds
for completion. . If it does not complete in that time,-the tape unjt erroi(

) “ < €

[y -~

“exit is called. - ’ . - s
e "'9

Py
The disk’ controller gives extensive error 1nformation plus an 1ntergﬁ5§

l = v - ~ s

on transfer problems. Some types of errofs may be recovered byl;einitiating
" the. call, while 'others are unrecoverable. A’'yecalibration procégire is used

]

after some errors to realign the disk, by moving the head back to the zero position
i

on the cylinder. Retrys are done twice before the attempt status flag is

cleared andlthe disk error indicator is returned to the 0.S. J
i%

N " Printer Handlers. Device indbpeudence is provided by a standard interfa

g 5
between the varioUS lIY output handlers and the application routines;that

request. a printer. Dev1ce\shar1np is accomplished by queu1ng up those hpplica-

tion routines The standard interface also allows the device to be selected
~at run, time, with g&n-time linkage between the haﬁﬁler and the’ reqﬂbst
If he application.program is using a shared printer’ it, must schedule

Nty
1ts printing co- routine on that device .These prinéang request»lists are ‘the

t

——
"

/
"execution"‘type where each Tequest is«a self contained executable code. This

S . . . . s ' . - . — * . . ; ng‘ . . Ve ) ‘ . ¥ ;ro:hv - *
, R : LT At A B : . h L e
L o "8 . ) . ) - . - 9:’_’; ""-_' . s v S v . - v : -, ) a . ; .
. . . toa . L5 . f by , v?.‘O . I o ., ‘
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e11m1nates the need for software to prov1de for: a*Walt For Buffer Empty

function. §achvco routine ‘does l’subrout1ne call to the device handler, the

address of which'is available when the co-routine is initiated.
The handler subroutine will type.the gharacter in the AC and return on
the character complete interrupt. As these routines execute‘at\t:e API level
. . . . ) . - ‘ £

of the selected printer, each application program provides its own&text and .
- A

number-printfng routines. When the co-routine is flplshed tvp1ng,51t calls

the Eject fJPct1on and not1f1es other waiting co- rout1nes If the device is
dedicated, that 1s, not to be shared by’ cooperat1ng routines, then the handler
_subroutine isfsimilarly called but-without the preceding;Seﬁgdule and final® <

' Eject’ functions.

u

A console\dev1ce charucter printing buffer and buffer de1ete code are
\
{’ prov1ded _These allow short messages totbe printed without waiting for comple-

tion before continuing with other 1nput or proce551ng wh1ch might also generate

another short message. T >
~/ @

_ App11cat10n programs must buffer characters, using the insert pointer\\
and character counter prov1ded, and call the Delete rout1ne, which does its
gwn schedu11ng, pr1nt1ng and ejecting. Thhe Delete routine is ca11ed fot eac&m\
- ‘character that is buffered because the Schedul function tests the Delete

A

'gtroutlne busy flag.

' ha The r1ng buffer is-.32 words long, and the characters to ifiykintedﬁhreﬂ
' s - A .
tored ihg;trlpped 6-bit ASCII, one per ‘half word The Carrlage Return and

, oY )
"« Line Feed functions -are comblned ,as the 368 character which is the “up‘arrow"-

s ke?.. Since these characters are buffered'&,. the..b?\ckground‘_ APT 1ev'e?1, the

61' . “r ] RN . ) ’ .
¥ R bufferlng code can be shaﬁed1 R S RN
- . i S ; ; oy
" * . 4 . ‘ : » PR . A \

5 . . . . N iq - .4 kY s ‘i . b B
. > g -3 \'&{ . . e ;%, X -,.;.

) _- o ;pr : - ) ¢ e ) . % A L / Rt . N :‘ ‘ ;7\-
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\ Clock Handler, Since-the clock has so many programmable options, it has
. Ty B : : . . ’ ) [
- two lists or executabl® streams associated withiit; one at the API clock -inferrupt

level, and the. other at the hackggound level. (5 T . , ,/4:
) _ N o :

v . = s ‘ N y
The clock interrupt level may have several tasks associated with it‘thdJ

can be added and deleted as required. -~
* The clock task that is initially loaded notifies a background routine
: Al

every 1/10 of a second. This Backgrdund routine is called‘fhe Clock Job Expe-

diter (CJE). Other CATTS application programs may requrest different timihg re-

quirements. In order to share the real-time clock, a Software incremental timer

i

list is implemented. The items on the list have a counter as the first word,

with executable %o@e following.
The Clock Job Expedi%ér tests the first word{ If it is zero,E%o action

is taken and the next request on the list.is tested. If the counter is nonzero,

no further action is taken. If it is zero, control is passed to the code after

L]
ghe counter in a manner which,a&Bows control to return to the CJE at the end of ~
4

‘that request.* Each counter is tested every 1/10 of a sécond. With this, pauses

N

of varying lengths,\or routines which run at a constant frequency, or time-out

timers are implemented. x .

S

Power Fail/Restart Handler, The power fail(ég%o restart-option allows
1 '
/ < j ] - . N
the saving of 'wolatile registers' when the AC power for the PDP-12 system fails.

The API automatically saves the main processor register on the stack so ‘that the
- 'only‘bther regisyer saved-is the stack pointer. On restart, the machine is -
g ) ’ i . ,{-\.:‘:.:,- R . R ‘ . .
reinitialized, and processing is resumed. Some locations in the Restart routine

. are reserved for re-epabling the interrupt of other specifjc devices.

»

L1

d - . ’
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i
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Ut111ty AI?E;%Ed Console Cqmmﬁﬁd Module. ' / £
~ - Lt . 2

A memory Q;111ty Area provrdes console k%yboard Fyteract1ve,papab111t1es

¥ . . a

fér;p;ogram loading, setup,;and cqntrol. \ e e e
S L - e o
Since this memory capabif§ity is not required all the time, this

-\

‘v

R . MR .
section of memory is shared similar to a device; for scheduling ofljﬁquests,

execution, and fiﬂhl eject of various utilitv routines. —

The request is a one-word. paramet%r ,indicating which p}ogram storage

black f#om the system unit is reqpxred and how many hlocks are needed. The.

Ut111ty Area device handler reads the blocks from the disk and passes control

for execution. 1f the read is not suctessful, this request is rejected.
. - ) ] .
The LINCtape on unit zero is a copy of the first disk logical unit with
» ~

~

identical.programS’located in the same storage blocks. §ome parameters of

ES

the programs. are slightly dlfferent in order to d1st1ng%* between théWO
dlfferent storage unitss For example,‘%he program command that bootstraps
the DIAL-MS system on tape uses LINCtape commands to load it from tape. The
DIAL-MS syéééf on the_tape is an eaflier version that can run without the

disk device. -~ » -

There gre currently two users of this Utility Aréapdev}cb. One is the

Command Modgﬁe eﬁd the other is a utiiity brograh} Qescribea in the CATTS

application - program section.

~-

r

Programs that;use this Utility Area usually do not oceupy it for

- [

Jnore  than a migute. These programs usually run to completion or, as in the

/

-

case of interactive routines, are ended by the operator wher/the requested

3
N

keyboard information has been enteredf

-

¢

: : ) i Con
A Utility Area job mav have a display or a clock job-of its own'ig be
. ) ) :

. - - - .
B . L. e .
. N . a “
. 4. ., . )
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conne&ted Rather thanjappending and deleting in tze\usual manner, the
ﬁ§§> L~ \\ ; »

task'sJﬁd s 1§ésibst tnted~for the fl’St address 1n the! appronrlate deVLce

. . .

s

. : . i
N 1¥st- after- setting the taskfs next adaresshp01nter to the address of the task .

that was prev1ouslv first. The task is d1sconnected from the beglnnlng of the

\

list by restoring th® stream's flrst address pointer to its previous value,
‘-fﬁhich is storea‘gn the di%connected task's ‘next addreés loce ions.
P The Command Module is initiated by anspeéial test of console input
characters. 1If a liné feed cﬁaracter is detecté\, the rouéine that schedules

L. $ . . .
the Command “6dule on the Utility Area device-is notified through the Attention °

- - \\
Stack. g . ~ .
i r
When the Command 'odule is loaded, some page Ovariahbles are moved into
. o a

place, and then an interactive prompt of ") " is printed at the left. of the
& “ . *

page. Next,'a line of characters is entered, vith the first seven, characters

- : pres - )
. Ty ! -

, being used to construct the command name.
- Programs are added to the 0.S. program library by saving the binary version
on disk unit ten and backup LINCtape unit zero. The progrém name assigned for

storage in the DIAL-MS index on '‘»~<se units has an asterisk character in. the

eighth position,with as many blauks :o may be required after the name. That

& ‘néme w1th0u1 the asterlsk' then becomes a legal. command.
’ When a commznd is selected, the second hlock of the associated Binary
/ ",.4' ‘

: . : v ]
file *(the block immediately following the header block) is read into locations

0 2400 -0 2777 for execution.

.-

v
} :

Console Control Command Modu}e-Interactive

T - > oo

Command Blocks, The Console Interactive routines, along with' the command

imput PFine, are left intact in locations 02000 -0 2377 when the command hlbck
) ‘ *

"y

is' read. 'Two routines-CDBA and CPDBI-handle the console output by using the

» >

O

ERIC

Aruitoxt provided by Eic:
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¢ prev1ousiv mentioned re51dent console printer buffer and delete code. CDBA

t

PO buffers a text list of.packed 6- bgg ASCII chqifcters delimited hy a character

°

. all six bits of which are zero. CDRP huF‘ers Just -one character One routine,

v

CDRD, reads the line of characters from the_console keyboard, using the enable

? . . . B -
address of the console Device Control Block - This routine qu§§§ each character
. i L

with CDBl and allows rubout key editing. The,innut.line San;contain.-bothL
! . : . i . =

alphabetic and numeric data. Two routines, GETD and GFTO!.convert the.numeric

digits to either decimal or octal numhers:of 'up to 24 bits in length. " The
input line which contains the command name may have additional-parameterst oo
b . * .

following it. FEach parameter.may also have its own interactive prompt, input,if
and conversion sequence. Besides these routines, an ogtal printer.for diag- .-

. nostic error messages is available. The page zero variables.contain indirect
addressés for these routines; selection of device (disk or tape), block number
! Q* ’ 2y

of the selected command and conversion Variahlegj

! . J. .
Since commands occupy the Utility Area and should not remain resident

too long, their functions are limited. “These functions include loading and

unloading programs fron permanent’ memory space, doing keyboard interactive

4 .

setups, or running short control or list functions that run to completion dnd

.o ,@.-;
do not require permanent memory space. - . .
v ' . \"'ﬁ ' 5 > ‘ s
5 Memory, The resident portion of the operating system, which consists of
device handlers, device—linked\lists and code,land Attention Stack and cooe,

occupies one;eighth of available memory”space. The Utility'Area'occupieS-

'
-~

B )
another eighth. The balance of memory space is used for programs that need
Lo . .L¢ N

" to be core resident for relatiVelv long periods of .time, such as display-re-

»freshing,ﬂgata‘collection or long 1nteractivo routhes Table 3 outlines '
o , ) ".f’n . - .
. the core memory allocation scvheme_s for the WStem. Routines loaded into

~
3

| | ] | S 9z L , .
Q f v : ‘ S
ERIC '

Aruitoxt provided by Eic:
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TCATTS MEMORY ALLOCATION SCHEME B
. ] ", - P . /_\v.\;
(PIELD) LOCATION (OCTAR) ' - DCGUPANT - - O -
: (0) ° 0200 - 1777 .~ - Resident 0.S.. .- E
-© (0) 2000 - 3777 ’ v Utility Area
1i%(p) 4020 - 4377 : [Available)
© U0 4400 - 5577 < CRT Display Routine = W@ Co
(0) 5600 - 5777 o . (Available) ,
. (0) 6000 --6777 . ' (Available) B
(0) 7000 - 7777 o C Data Transmission Routine (TMITAUX) -
v A ’ » | s o 7 A' B ‘b.
(1) " 0200 - 2777 . CATTS Application Routines
(1) 3000 - 3377 B . CATTS Application Routines w/Control
. o . Codes ’ o T . Y.
@ - B
( 3400.- 3577 : Telephone Nata™nput Routine oo
(1) 3600 - 3777 .. . (Available) - J T
;, *’ : . N . | . N . . » i
, (1) 4000 - 4777 - DITRMA Rautine . e
(N 5000 - 5777° S CRT DispMy Routine B
¢} 6020 - 6377 ¢ Utility Location Display Routine:
(1) 6400 - 7377 a ‘(Available) I & .
/() 7400 - 7777 ' DATAMYTE Data Input Routine. .. .
. 3 : . oy ,-\
. ' ) .
" * - Table'3. CATTS Memory Allocation Scheme . . R
v - ’ ‘ v . "t .
] V. B »
/8 =
» - : =
. ‘N . 4
‘ . . ‘ | . {)S L ] | . ' "‘
. \ v : ‘ ‘ N . o B ‘ .’ _1 .
‘ . L . R R
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this permanent memory could be used by two programs simultaneously, but these _;\\\
‘shared routines must never be required at the same time An exampie‘of this - fiy
1ncompatab111ty would be the use of v1deo d1splay routines, because ‘both re-

.questing programs would use the same CRT deV1ce and thus could not be scheduled

~

to be used at the same time.

A bit map in the residenp section of the O.S. specifiés yhépher a se¢tion.
of'meﬁory‘is occupied or not. This bhit map uses ohe word per 1K'LINC éeémént,’
three bits per 256-word block; and two bits per page: Table 4 illdﬁtrafes thé

,bit map séheme_for core memory allocation by the 0:S. Subpage fragmentation
is not‘used; A check of unique locations in the bit map indicate§ which pro-
vgram currentiy octupies a specific sectiog of memory.

Page zero is directly addressable from all other pages. To make page'

<

zero locations available to more than one program, locations afe,allocated 32

’

'per LINC segment, four per page, in direct correlation to the page number.

LINC mode-index registers are shared equally by all occupants of the memory
“ ' : .
segment Most program uses of these registers, like displays or output buff-
-

’

erlng, are at the background level.

&

_ Loaders. Each program that occupies a permanent memory area has.a uniquely

v

coded 1oader as its command block. This style of program loading allowél

sections of the-total CATTS program mix to be developed independéht}y of other

sections by prescribing independent interfaces to the other sections and the

0.S. Some of these connections are made at. assembly time by adding’ symbols p

i @

. . 4 .
that link to other routines or tg/mhe 0.S. as direct assignments. Some of the

routines are linked to the 0.S. g<\the loader. Some shared device handlers
' /

i

. I . . { ..
like the disk and printer are linked to user routines at run time. The indi-

vidual functions of the ldader are written in macroform so that the loader is

9y
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. ©© MEMORY BIT MAP
CODE . ° . - - - INDICATED LOCATIONS
“MEMMAP, 3333 ¢ 0-0000 to 0-1777 °
3333 S 0-2000 to 0-3777
0000 - S 0-4000 to 0-5777
0000 = - - © . .10:6000 to 0-7777 .
. ‘ |
. 0000, o 1-0000 to 1-1777
' 0000 ©© .1-2000 to 1-3777
0000 = ‘ . 1-4000 to 1-5777
S 0000 ‘ | ' 1-6000 to 1-7777
A ' .
12-Bit Word
) T T —T T T T T
Pages 01 | 23| a5 | 67
LINC Segment 1 - .23 4
N N Table 4. Memory Bit Map Scheme
€ '
:
) i
“ A ‘. ‘ Q)

u ~
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coded as a function éf tﬂe Tesources used by eacﬁ program.
-fhe'areé in ﬂ%ﬂery_must be'aveileble,sq the appropriate bits of the

',memoryxmgg;taﬁle ar® checked before’loading. The code to add a display or‘
clock job task is the same as the Append code of -the Qchedule “subroutine.

Slnce the stream-~ 11hk;ﬂg format is d1fferent for d1splays, the code to append
a dlsplav is slighcly dlfferent but the ‘steps are the same. If a new interrupt
device handler is 3dg4ed, the 1nterrupt vector address for this deV1ce is

.aItered to pass Qoﬂtrol to th1s new routlne when the new dev1ce causes an
1nterrupt. The deVlce may have to be enahled and reenabled on power fail/
rgstart,w1th some 10¢ztions in’ the Restart routine reserved for that purpose
If this new delee 1y Sharable, its Dey1ce Control Block is appended‘to the
DCB list When a £ask is added to the programmabie elock API level, special
list rules are kept to keep the number of 1nstruct1ons to a minimum. Tasks
can al\b\be_added t0 ¢he Power Fail and Restart’ rout1nes, but the standard
stream fdrmat is not pPserved. Inputs to waiting programs are enabled by
storing the waiting rot'tine's field ;nd address in the inpdt enable locations
of rhe selected ippt deyice. Some specieléfunctions; such as tesfing the
availability of a d%&icﬁ that will be used bY'thevprogreﬁ,may be required.

. Also, before the 125t Sfep, Program parametere are set ;Hich must eject the
Utiiity Area."GeneTa11Y, any program function yﬁgch;is not required.to'be
wieh the pefmanently résident code rakes its space in the shared loader aree.i

To unload d DrOgram meangdsimply to reverse the effects of loading.
The eroper program Myst be already loaded. This can be checked by testing

\\k/ifs unique values in the Memory Bit Map. To make that areaiof memory available,

appropriate bits of thé Memory Map must be clear To disconnect a clock.

job or display task, ¢Nat position is deleted e stream. This is
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£y

-

accomplished hy finding the task that points to it and then changlng .

that task pointers to the values in ‘the next tasks pointers.

-~ -

.Device’handlers are disconnedted hy restoring the interrupt-vector values;.
DCB'; can be deleted.similafly to clock jobs ahd displavs. .The device inter-_H :
rgpts dest be subsequently 1gnored, either by disabling, or clearing and Te-
“storlng machine status. - Any power fa11/restart steps must be deleted also
-Inputs are dlsabled as well, and, since there is a sl1ght chance that a charac—
ter could already be on the Attent10n Stack, puttlng a RF?TORE 1nstruct10n at
the beglnnlng oflthe waiting routine is sometimes done. Also, shared devices

that were set bgsy o dedicate them to the program to be dnloaded,must be

set to the not-busy value. Particularly, printer subroutines must have their

retu:ﬁ ffeid and addrese set to the not-busy values.
Disnlazs; The displays are program refreshed.. Computer time for-this
function is allod:ted as a part of the bottom background leyel of the APi.
The other part of this loop is the Attentéon Stack delete task.i Taeks.can
be added and deletedlfrom this loop, but the format for'linking these tasks '
is slightly different. The field of the next task is the starting address

"minus three,and the address of the next task is the starting address minus one.

e 2

The instruction "IMP 1 .+1” is assembled in the starting address minus two

so that each task can pass contTrol to the next by jumping through the next

task potnter whlch looks like this: - ' T >
CIP CDF (next field) | . .
JMP T .+1

(next address)

(this address), (display something)

L LG
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There are several types of displays. The CRT hardware will display a
o . ’ - ;

dot or a two-by:six half-character pattern: These are used to display a
‘character buffer s1m1lar to a‘kerm1nal CQT "printer,'" a real-time mogltorrng

display like the location dlsplavii, or various CATTS feedback -

LS

graphs.

There Ean be only,one or two d;é;lays used simultaneous{y since the

§c0pe has two channels and refresh time is Yimited. Each digplay uses special
. . o

character display pattern tables or a subset of the full 64-character set *

display pattern found in%the PDP-12 system reference manual.’

I

Program Development . ’ o ' .

This data collection.O.S. and the CATTS appiication programs were developed
s J ' X

using the DIAL-MS operating system supplied“with the PDP-12 computer hardware.
R

L. "For command blo;k\}oaaing, the first assigned-location in a program or loader
] L - . 3
* block located in FIELD 0is '24008. Locations below are used by the CATTS

. - . 12
’ resident 0.S. Field zero, page zero locations are available but must, be
' assigned symbolic names. using the d1reqt assignment statement (TAG 100) rather
¥ -
than the first svmbol of a statement followed by d comma at the page zero

- 7. -

location (*100; TAG, 0). Any page zero constants or 1nd1rect addresses must

v

"be de11berate1y moved to their ass1gned locations
. \\ Rather than use the SAVSYM LODSYM pseudo operat1ons of the DIAL- MS
assembler, symbols from the operat;ng system and other programs‘mgst be oh-'

-tained'from their assembly listings and added to a program as direct assignments}

¥

For,overlays, the assembler has a FIELD pseudo-operatqr which aléowa
> the programmer toAselect mehory stacks. .Thas ean be used\tc aséemhie‘two
. ] .
routins; in the same absolute 12-bit address. Routines can e assembled on
age:boundaries ih other'areas/of memory to be overlayed int. :he same“area,
but specialiattention mu.-t be'given'to cross;page references yith indirect'




s
used to specify a value that exam%res or fills avlocation. qenlf switch
- - . " .

-91-

X ~

addresses. These requir; the appropriate arithmetic adjustment; ; ' -

The PDP-12 has a. complete programmer console W1th exten51ve debugg1ng

0
-

features.“'l‘o augment these* features, a location displayer is added with

the res1dent 0.S. This routine dlsplays a group “of 10cat1on addresses and

contenj?/?rom either &emorv f1e1d and can be used to alter Ihe cqptents ‘of a

l

seledted memory locafion. . o
: . . . ; v

\

1%e°&ocat15n displayer uses the programmer console left sxltches to

t

select an address in one of the :? stacks of memory. The rightt switches .are

*three enables the display. Sense §y1tchﬂfour adds tﬁe location %elected in

the left sw1tches to a table of up to sixteen locations, if that ocatlon is
L . =
not -already present in the table. Sense switch five deletes that uocagion

i
}

S . - v . \ i
specified by the left switches from the table. Sense switch two.selects

field zero or one for the location table. Td:fill the location seIECted with
,.qgfx ~

a

the left sw1tches and sense switch two with the value of the ~ig~t sw1tches,

i

///jboth the four%h and fifth sense sw1tches are set.

" ‘The dlﬁplay is located in the upper right-hand ‘corner :: :naannel one.
? . .

First displayed is the lecation'serfcted in the left switchws, and then the

contents are displayed as four octal digits each. ' Any loczricws inserted into

N

v

the location table are displayed in columns underneath. -,

¥ -
3

. - . ) . . x
To save all of memory, a tape dump procedure uses the programmer .console

"DO" switch: memeT- zortrol LIF, JM?, and LDF instrhctions; and -he LINCtape
, : < - -

group wrii: WCG] in:t-uction., The O.f. utility "TDUMP" cor :: <<nen dump.

the ‘ccrter-: of t~2 -2_ected blocks of tape into the LA 30 ~r - . In de-,

buggin:, sz rra’ - ual locations assist in indicatirg v de is being

‘processe i :- e . \ e i o

©

T £ 722

e

§
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CATTSAépp}icatlon Ptggg;ns , L :

¢ ‘a\ CATTS app11cat10n programs are grouped according to funcxlon The

datn collectxon group accepts éata and constructs a standard data file.

3 s Ve
'l'he afeedback group-\.ses a standard interfacé to the data égll;ctmn file.

The DITRHA group comb1nes some data collect1on and feedback funct1ons .

& -

The data-izhk gtoqp uses the standard data f11e to help produce hardcopy

61

fqedback., The operator control® s group selects progr(ms and parameters.

Each prOgram is further subd1v1dg§&1nto routines. These rout1nes G

[ '.

and the programs themselves commun1cate through common data areas,'such
as the data'cojléctlon intermediate file buffer block, display buffers,

) the Box Table Array, and other special-pdrpose mailbox locations.
. : . + N »

CATTS Data Collection.

~ baﬁq is collected from a numbef of different sources - « h it
own special feaiurqs. The final product of a data colle = . on fron .
£ " 1ese sources is a standard data.file on mass -+ zmricz.aing che
.o . coded during that sbservation'sess;on, together w: .ssc.u.y 4 intarve
To simplify the dggly scheduling of the datg €. oo o.+oczonl T
36x is independent of the others with respecf to ~ oTvatice  odice
:ms being u§ed and(th; time that data collection : Jdtiate: LTae
~hese dif;;rent sources, hen;eforth referred to J0xes, e oab.:

.5 w dif-erent coding systems simﬁl:z?@busly.

Cxzza Structures. Each box has i own set of variables.- T .ese set:

of vér;ables-form a two-dimensional array; box number by'variabls number.

»

The. cous is therefore re-entrant on each -character input and shared by a’
:he bo: #s. d )

L_ .
107
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< . ;
" " The box variable set follows: - [ i .
a) STATUS e O )
' b) INTERVAL TIMER \
) END-OF-SESSEON misk_ ’
d) END-OF-SESSION 'RE’S/ET VALUE | 3 . )
e) DATA DIGIT BUFFER (LOW) ~© ' - »
£) DATA DIGIT BUFFER (HIGH) o _
>g) MAXI@A\ - | L
h) SORTP ) - ‘
i) .so_rg'a v
-  Each oﬁservétion data codse - : STLsT o9 up Tt
iécimal aigitf. Tﬂe‘series iz .orsc in tne TOITT O mTTTER it the i
the ﬁﬁmmer of digits as tﬁg c2asy ignifi - s~of th- " TUS word.
P

editing ("'SKIP or CLEAR") kev or t-2 coding st +da..0ows th- o=~ to clear

H

m:d then reenter the entire series. The "ENVTE™" - delimit< - series.
The digit series is them “'packed” accord: g = the MAXI: naximum digit
n) /‘ . . . -
:ntry for each observation, system) intc ope "7-%i* word.. Th: -bit data

'- -word has three 4-bit fields. Observation sysr=ms van havs up to three levels

-/

each evél being a specifie or subdiviced are: of observation interest Each

. : e/
Ievel can have up to 16 categories’describing eac™ area. Eachwlevel can,
Y :

therefore use one or two digits to fill its cHiv: sponding skelg intl  12-bi-

~

word The MAXIMA category for each level speﬁlfles whether one.or two d1g1tc

. will be used. If the MAXIMA category is 10 o*\greagsr, a leading zero must

be,ﬂsed in all but the- f1na1 level. There ars three tests whlch verify each

code. If any level exceeds its MAX MA or there were mo d1g1ts or too many

digits entered, this’ code is ignored and a messag: indicating thiafcondigion
' - Cr s -

PR
t
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. N L 5 . -
° is:printed on the operator's console. SO .

The 1nterval't1me since the last EVTER. key is recorded to the data and .

“ reset to zero. "The data set, cons1st1ng of box number, time; and packed data

>
[

cdd\, is stored in a memory buffer. When this buffer is fhll, it is-written. -

to an intevme - ro&liné mass stor iz scrztch pad fil<, blocks l-1008,‘on

storage ‘un:- e the data bu-“Fe is being writ“?nq any neu data sets
X .

- “ | <

. are stored i . e ow buffe¥1 “n: the buffer writ= ;s complete, this |

ov;kflow buffe is = -.ed to the be; =ing of the memor - data buffer . ? )
« . . -8 4 L

. )?he data  om ==z:1 box.is mixe. - -a the data =21 from other boxes™ tha&

are simultanec. .y col_ecting at thz. - me.. The beg~=:ng of each box's

~

session is ma- in zInis iﬁtermedi::e “affer by a~snec;al reserved data code. -

e - . If the s..ouner is present'to n=z -~ the coder ¢ —ne end of the sess1on
. i : . .
and to autc .. calily =nd the session 1= END-OF-S=SSI0" lIMER is set to the

END-QF-SESI " REZET “'ALUE before t-z servation sessicn begins. While the o

box 1s coliz.cxng dat: this END-OF-EE?'ION TIMER is incremehted'once each
) ! o

second When it reacnes zero, the tox = sessian is automat1cally ended. The
coder also has the option ©of ending the session earlier w1th the button box.

The same reserved code used to mark’the beginning of th sess1on is used

N o

l
 again. to mark the end qf the session within the 1ntermed1ate\data storage
/ \
buffer. “The locat1on in the 1ntermed1ate-f1le buffer of th1s end mark is

stored in SORTP and thé 1ntermed1ate f1le block number in SORTB. " A. Sort
routine is then scheduled on the Utility Area deviCe.( This routine scans the -

[ 7 .
Box Table, or box variahle list, look1ng for nonzero SORTP{s. When one is

bl . '
A » S ‘.

found, the 1ntermed1ate file is scaﬁned from that point’ backwards for that

box's corresponding,/data setg. Total time and number of data points are
v / . .

'

[N

- . )
.. 'abcumulated on this pass. When the beginning gf‘session mark code is encountered,

A

» [N

. o —\1 ()u N ' 7 .
. .'7 -’ b ] . N .
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the direction is changed. —On the forward pass, the data sets are used'to‘

- ", Y -

construct the fina&.individual data ‘file which,is stored in the next available
block(s) on file storage un1t ‘6. The block number that an fndi&iduil'box’s

- + <

'data file starts on 1s used to identify that file and is called the §tart1ng

-

e cam———t

. Block Nuﬁber (%?N). When a data storage unit is full, it is c0p1ed to LINC- . "
. ‘ - .
tape and re1nit1a11zed to the beglnlrng of. the f11e Thus, the tape number

and the” SBN will uniquely 1dent1fy a f11e and po1 It to its locatlon
g

There is an elagorate backup system in case he disk should fail dur1ng
data collectlon. The intermediate a“Q f1na1 f11e storage‘units are auto- -

mat1ca11y sw1tched to LINCtape. Any boxes that were collect1ng at the t1me

a0
N . of the failure E{e sorted up to the failure block only.. f .‘ f

Then, when the disk is repaired, thé rest of the sort can be completed

.t Y
“and the two partially gorted files can be combined to make one complete' file.‘_

a

IS
3

7

‘ ogtines The computer interface for the button boxes and the TOUCH-

-

TONE telephone is the uDcs8 1/0 subsystem The 1nput gunct1ons for. thls unit

’

( T
reside in two UDC8 modules. The contact 1nterrupt module accepts one bit per - Y-

o e

box to -indicate when and.where the data is preSEnt‘and the'contact sense module a2

senses four bits'per box to riig the data A device handler responds to the 1nterru1
caused hy- any change of state on ‘the contact 1nterrupt module .This change- of~8tate

’ bit 1nd1ca;es which contact sense card is to be read and which 4-bit area of

. |

_the,word contains }he incomlng data. This data is shifted to the lower four
C - RN

bits of an 8-bit charac®er. "Each box has an‘enabie address similar to IT?//

. _ » ' b
« . input,and the box number is combined with the field bits of the waiting reutine
. ’«\ - el - .
to form one word. The second word is the address of-the ‘waiting routine. , 7 T
ﬂ - ™~ .

These_ enable addresses form the uncs- Enable'Table " The box number and f1eld

c .
r's ‘ “ 4

of .the wa1t1ng background 1h€ut rout1ne are added to the 4 blt/character

- N v
— . B \
. < B . v
o e 1/J~.

L — ~y




Tt ee- \
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, - : . s
= This word and the address word of the waiting routine, if any, are quéued to -

7 N -

the Attention Stack, and then another bit test is made_to detect any add1trona1

—

incoming characters. If none are detected the machrne is restored .to.its

~
~

‘interrupted state angd processing is resumed. -

L L R 2 TN . i V .

The functloqgl unit of the UDC8 for output montrol to the button boxes

. a . ' ‘ - H d PR - T
and telephoue§ is an output driver card, primarily an on/off series of -

.".A A \ - ’ .
switches, three bits per box. These output hits drive ‘three lights on each *

Lt L3 4.
o

- box or answer back tones in the 403 Data Sets.'for the TOUCH-TONE te1epheﬁe
- r' . ’ . “"‘ s '& N -
input. Each card also has its current status stored in memory. When a light
: N ) . : - ¢
(>3 ’ - - +

is to change values on a box, the appropriate bits are changed in the appro-

1

priate STATUS word, and that word is. reloaded’ into the driver card buffer.’

Routiﬁgs are provide?.to turn all the lights on or off, er the middleflight

on for each individual box. One qther routine,  which woeks in comjunction
’ : b

-

o . . ' 3

with the Digithufferipg routine, ‘turns’'a light out wheﬁza.ceding level, one

. ‘ e
e

e

lo

- or tyo dlg1ts 'is entered.

~

The back round clock job Tuns once a secoﬂﬂ (1 K, ) and has three func-
g

tions. The f1rst clock funct1on is the INTERVAL and END-OF-SESSION TIMER incre-
menting for éach boX. One bit of the STATUS word for each' box is an up/down

. |}
indicator. If fhe box is up, the INTFRVAL value and“the FND OF - éESSfQN Valuj/

. ‘, t

- ark. 1ncremented I1f. down, ne1ther of these values are changed. &
. ) . s ‘ k
T e The second functicn is to sample the box-switchei. Each box has a,switch
i . . N R - ‘ . . ' L T ' / .
that is connected to an external sense line of the LINC port1on of the pro- -

e

./~ cessoOT. When a switch pos1t10n is d1fferent from the value found the previous
. B .

. time the 4- b1t ‘value 1ndicat1ng its present positlcn is comb1ned with the

- v .
IS

’;:zues 1n the UDCS Fnable Table for that box and they are queued to the Attent1on

- \ \
ack 4s an input chéracterﬁ ‘The prev1ous va1ue‘of~that switch is updated and
\d ./ .
: \ ‘the rest of the'switches are .tested.

s S - . " , :
-t 4 « v

& -
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- Tire thltg function keeps thgucurrent time in m1nutes p1us a text: character

X —q.

- 5tr1ng of the current hour and m1nute, updated every m1nute r

.- _ & .
“ . wﬂen the 1nput characters come. to the wa1t1ng CATTS 1nput rout1ne, the-
* < L)
, - box and data are separated by a subrout1ne This routine also translates ’ v
- - ¢
,j>‘ " the data into a 7-b1t‘ASCII character The d1g1ts are Franslated to  the ASCII
A @ .

digits*( 060— 051), the CLEAR key to an aster1sk character ( 052), and the
ENTER key to the carr1age return character { 015).. fq.addition, the characters

from the Clock Job routine wh1ch mon1tors the sw1tches on the boxes are trans-
s e
1ated to a comma (. 054]’for an Uon" character or a space GLOSZ) for the ''off"

function. There is ‘also a subrout1ne whichfg1ves differenRial exits if the

//\
5

character is a CLEAR key, an EVTERAkey, or a d1g1t N
’ v N
Printer output uses the console printer buffer and delete code provided

o

-

in ‘the resident system area. A 51ng1e character print rout1ne buffers the

4

character in the AC us1ng»the input po1nter and character count in the re51dent

- 2

system area. .A text buffer1ng rouline wh1ch is cdlled with‘the address of
t - &
the text string in the rout1ne’ca11 plus one, uses the s$ingle character print.
‘ . T \ . ’ STy
. routine. A zero character deiimits the text string. All messageslprdnted.are

4

\'}
L}

’

;abbreviated to lessen_the possibility of print buffer overfapf Aﬂrputine‘
/7 . / A1 ] ‘,' *'» ‘ - . .
"cie\‘ ‘that prints the octal value in the AC *and one that printyfthe box number are
: c o . ' ’ ' - '
also available. X AN . o ‘

-

" The~Box Table Array has two subroutines to GET and PUT valugy. One
I S subscript ‘the box numbe; is used to index to that box's set’of variables' -
The other is located 1n the next location of the ca11 ‘to the GET\br PUT funﬁtion

.subroutines. ‘The values are passed to or ﬁrom the Array Table through the’ Ab

‘s Input Routines. Each qof the three po@sible»sources of data button-box,
TOUCH-TONE Telephone, and 6AfAMYTE has its own input royting. All _button ~N
N . . ] ) . - CN % :
- ’ . " : ] . ‘ . ¢ . ]
N L ; K .I.Cf”' NN o ,
Voo y ;

o . , : :
. , : : . : . . .- i e
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boxes input their characters to the)same rout1ne, and all TOUCH TONE Telephone

input is handled,by ‘one rnput rout1ne Thesé 1nput rout1nes 1mp1ement the
R various special requirdments of‘the 1nput deV1ce The Buttop- Box Input rout1ne
has the common functiops for each character organized at the end of processing'
(3 .

2:4,, ‘%f that character Thus, this code can be shared by other input routines. by )

. u51ng multiple entry points 1nto‘the Button Box Input routine .
i t N “ ’ s
A different coding procedure, 1mplement1ng control codes, is a¥so 1mple- .
e L ' . RS v
' N ~mented- as.a separate 1nput rout1ne for but ton box data.

Some functions that are common to more than one input rout1ne can not be

e
placed after the uniqu functions of the 'Button “Box Input‘routlne and, thug,

ce . . - . - -
; .

. . - - . ; . ) b *
o become subroutines. . ! s - SO ﬁ%ﬁ

I

.Thé thregpéources’of data employ the same-button pad configuration for

0
Y

data entry, and,they use .10 numerical digits, together with’a CLEAR and ENTER

key. "The beginning 8f a session is marked#for each 1nput source by turning

on the switch of the button box, placing the call with the&TOUCH TONE Telephone,
sy

or t/;ning on the power of the DATAMYTE clipboard buttoﬁ pad SW1tch1ng off

or, hanging up the power or telephone is used to end §E§ co{lection session.

x
‘Button Box Input To begin .a session, the coder,sW1tches the box "on."

: This §s not a power switch but a status 11ne monit%red by the computer. Thiva
' swrtch plus a special code, control two bits %;,eﬁéh box s STATWS word in the

S Box Table Array One b1t 1s the ON/OFF status of the box and the -other is
. 'l ’\"
. the ‘UP/DOWN value The ON/OFF b1t is set at the beg1nn1ng of the session and

&

cleared at the end. The UP/DOWN bit implements a "Pause" function when the

automatic END OP/SESSION TIMER and the INTERVAL since the previous code do not-
t
1ncrement as theg,do_in real-time. Both bits are set when the sw1tch is

initially turned on.  Thereafter, the UP/DOWN bit follows the status of the
g .

¢ ' 13

A 109




switch . Data is collected when the switch is on. With the switch off and

the UP bit cleared, data is saved only to Be tested for the special end-of-

- session code of three consecutive nines; 9-9-9-ENTER. If the "on" bi?%has

A . 4
beenh set earlier, this session's data is_then saved as a file on permanent

storage.
5 3 .
All three status box lights come on when the switch is turned on. As -

?he;gigits~are entered, each light will be turned off'iﬁ’sequence from left

‘to right, in order to indicate when the digits for any one coding level have

- ’ ! ’ ' \)
been received. All lights are turned off with the ENTER Xkey. If a pack test”

on the data is positive, all lights are turned on. Otherwise;, they are turned
hack on when, the ENTER key is released. These light signals-iﬁdicate to the

coder incorrect codes or computer malfunctions. The middle light only is tuiyed

"on when the switch is off for the Peqse function, and all lights are turned

off at the end-of-session code. Figure 17 diagrams the Button Box Input routine,

Button Box,fnput: Control Code Version. Various-button box features have
been added for more flexibility.and different kinds of data collection information..

A special set of codes was reserved for control functieqs. This set of
codes consists of the codes, 0006 - 0099,‘ The first two diéits are zeros
and the last two are the same digit. ~ o ) ) | :

Also, the ability to enter identificatign data is providedz.’instead of

&

packing the digits into three 4-bit fields, a 51mp1e decimal to- b1nary conver-

. sion is done. This- feature is tied to the UP/DOWN b1t of the SThTUS word.

It can also be used during the session to code information not included in the
categoryrsystem being used. When‘the button box is first turned on, the ON/

OFF bit is set, but the UP/DOWN bit remains ¢lear, and only the middle light
" bn ," . .

8-



MIDDLE
LITE
llo Nll

-100-

Y

CLR - -
UP/DOWN
- FLG

B

~ RETURN

ALL : \

CNTeO

Figure

ERIC

Aruitoxt provided by Eic:

17a.

CLR NGIL

BUff'&

<

&

Ed

RETURN

Butfah Box Input routine-Part 1.

L



Figure 17b. Button Box‘;ﬁpgttr
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is turned on. Dsty is collected this time, but the 0.S. uses the Decimal
Conversion routin€ yAther than the normal pack routine. The coder uses the .
special control Gode‘ZefO-ZerO-one-One—ENTER (0011) to indichte the beginning

of category data, yhen'all jdentification i~ "srmation has,beeh eniered, all

the lights are tutmed on, the Ue Sit is set -4 the contrdl code mark is
. 0 -
recorded in the dar, . 'The data cdlieetiop - ion_is idenfical to the
. - Bnttonlnqx Input Toyfline previously deseri‘ g »
- \\* The coﬁ{rol Codé zero-zero-eight-eig! ' (0085) switches the UP/ '
. DBWN bit back off (oﬂly the piddle light r- onj and- records it; control
“ihde _mark. Agalnr d@ta W111 not be packed .aal but will be converted to
. 3':1 12-bit binary numbgr . These control godes cza- be used alternately throuphout

a data collection Se4Sion.

Theede‘Of\Data Mark is coded as zero-zero-nine-nine-ENTER (0099), which

/’.
\

perform§ the same mperacion as the zero—zero—eighf—eight—ENTER (0088) scontrol
¢8de, but records {t% own centrol code merk. .
Switching tﬁé poX off is the final opefefion a coder performs  to end a
" session. The ON/OFy bit is cleared, all lights are turned off, and the data
is stored as a bpeMgrtnt file.- Flgure 18 dlagrams the CATTS button box 1nput
with control codes added. |
vOne'subroutiﬂQ imslements both the control codes and the decimhl conyerSiqntrx
It provides three djfferent exits on certain conditions after performing status/ /
tests and constxuctlﬂP a data word. The first exit-is selected if th;'buffered
charactersiggr the se¢lected hox fit the control code cr1te€apn of four dlgits |
" the first two zeros and the last two identifical numer1ca1 d1g1ts Also,
1]

the storage control ¢9de mark for each ‘control code is returned as data. The

second exit 1s Sélected if the UP/NDOWN bhit set 1nd1cates a regular pack to bhe

I
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used,.and’a pack test is positive. The last exit is selected with the buffered -

digits already converted, either by the Pack subroutlne if the UP/DOWN bit is

- ‘

set with no tests positive, or hy a Decimal-To-Binary Cnnvers1on rout1ne 1f

the bit ;5 c1ear The End-Of—Data.mark ;s not legal data = ~rd, and is qhanged )

—— - v
k] ~ N ]

L to Ze;o.

. . o ! .}_M
The control codes arc¢ stored in the data file as regular data sets of * ﬂz,_/’

B . i . . - . L4 ‘\/('»

! box, time.interval, and data code. The data code has levels one and two set
to 155; bits ze}o‘through seven’are all on. Level three contains the digit
. ; * used in g&s'control code. The reserved data cod3 to mark the- beginning and

ehd of datavhas all three levels set to 158; bits zero through eleven are all

’

ones. ‘ ' ‘ : o ' /

&

-

elephone Input. The TelephonefInput routine has its,own character con-

version because the data set uses unique data bit\Qazi:rﬂs. The order of the
pa

Y,

%pput lines are changed to avoid duplication of blt tterns with the call

and hang-up.characters The ca11 and hang-up characters are prov1ded from ¢

“the external level monitor of the CATTS cilock job. Character input is very
" similar to button box input with control codesll Lights are not used but
insteag, the light driver bits control the tc nhone\answer—back tones. Ll
tones can be heard by:the opserver,over the telephone handset‘whenever a
' control code is entered. A‘clock job will turn the tone off after oae second.

: /

I . / . v LT

The End-0f-Session Reset Value (REEOS) of the 'Box Table Array is the tone on

. indicator for the felephone input-ports.’ Figure 19.diagrams the TOUCH—TONE
-~ Telephone Input.routine.

| DATAMYTE | L D >

- I
' |

Input. The DATAMYTE is an off-line data collection device. Real—pime .

, | : .

N ‘ ! - 1 | . !
, ' . 115
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i - »

e 2 . :ollection functions are provided by fourldigits reéorded—when the ENTER
| .s depressed. Vhen the tape is played back, these digits are preceded
by a comma'and a space; thus a~f1ag'switeh fs kept'tp indicate if a digit .,
is a data code or a timer dréit vThe‘data codes’ are huffered in the‘Box'Table

-

Array¥ and the time d1g1ts are converted w1th the[)eC1ma]Jro p-narv anerqlon
. )

~
routine. This 12-bit timer value minus the last 12,bit timer value cab&ulates

~

the tlmg 1nterva1 since the entry of the last data\fodc }
. ]
“he On functlon of storlng the reserved data code tc - veginy

ic perfo*med when the program is initially-load- ele

»

~or:s a permanent data file, is performed when - -n

rol code is ‘detected. The End-0f-Data res

&

Y @

= or. of a session serves as the beginning of data
¢

(]
g
-
3]
i

n

data.

v

DATAMYTE data is listed on a teletype as it is played back through the

coupler. ‘The ?rint routine huffers one character at a tiﬁe in<o Jur-
character ring buffer and schédhles'the Delete routine. ny €caii toTE o
hprinted next to the offending data code en the)seiected srinter .

"Two couplers are-'used to play back the data tanes. 'One io o sifrmec bo:

number 13, and the other 14.- The character received.from the coupler is seven

-

b1ts w1th odd parity and does not have the bif number associated with it.

: Because the local var1ab1es and switches are not ayailable in the Box Table

-4

Array, and because of the printer requirements, each coupler has its:own input

v

-'routine and printer handler. Figure 20 diagrams the QATAMYTE Input routiné€.
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Jrogram Loader

\Buttor o

: ~ . ‘tion progr—
© Y block so'ts

4 o
_the loader -or tne

s >

Thea

te

wt‘r bﬁock for -

read and use

I

~on beox input

"CATTS" com~1na 109&5 e’

4

Drogr

any d

cofitrol coce t=:st.

“ , :
=on box data ‘collee-

@

L.

am wa - “ien as'a separate -

: . k‘" -
ata cc:le - ion program, such s\ ¥
PPN T

" The commands. to

N
\ o ¢ =

N\

t = | load these programs : tt~thé;Mémp£y ~its, aﬁd'iflthaa area\of:memdry is
P .. . . . e e - .
t.ov emPtYT‘thevtdader blo s read and .oadét hjutine /called

L \fx — To“ioaé the.hutff bOX\prograﬁ- t the intermed ate file storage unit '
. } ) . ;hduthe'fina, le unit’;re .Jgé@_t_anof irite" ability. -’
) o : , -
Next, thg,r*orW‘ If any « Jata'tréni -:zre unsuccessful, a
t . meésagejis privced 2 Utility Ar  :evice is e- a? The clock job is
added)to the CJE lis e device i o) ihdic: ne:her. the current filer
storége)uhits re dis: LINCtape. -z-page se’ 1w ,o0f code Jnd page - zero
variables are noved int nosition. A ce ice handl: T UDCé interrupts is
: B s
connected to t:e int:rr: - vector, enabl;d, and ther e power Fail/Restart
routine is enab :d. The demory Map Pits are set to busy when the loader has
‘ executed succecsfully. ; . g
Néxt, an ihteréctité routine is called to set the cufrent date and- time.
P
ﬁhe lower five bi'ts of the current-date word are the déy, the next four are
\ the month and the highestnthree are the current year minus seventy- five.
/’ T The tihe word‘is;set from a 24-hour clock and contains.the:ﬁumber of minutes
| since midnight. | N
Once,the bgtton box data collection program is loaded thé Setup r;utine
is 1nit1ated - : . . :
. . : S\ \
T The.interactive Setup routine'queries the operator for the parameters
—
g
ERIC

JAruitoxt Provided
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s, -

- . . Lo . : .
" v . . . .
\/ [ ’ - . v “ .
. .

> category numbers for each 1evei of the codlng system to.be used. This maxinun

' R packing parameter tests 1ncom1ng data €0 that the’ reserved ‘end data’ code r__
. VAl . Y .
' not mistaken for. a legar code‘\4The:other«requested parameter is the End-Of-
‘ s , . L : \
v - Session (EO0S) value It 1s‘pntered in minutes and converted toIseconds. I£
- T » A Y ﬂf
e the automatically timed sé331on opt1 p ;s not se1ected by the operator, a
. , zero Value is entered. R '/j, . ) .- w ...
PR SR A ' N )
. ! When the numhers,of the boxes 'that g;é to Use these parameters are entere
~ . .o - L 4‘{" e

N4 they nust be within the range offone throﬁgh 12 inclusive. ‘if'the number is.
-\ within the range, its Box Table Array va1ues of ‘MAXIMA and/REEOS are set to

- prev1ously entered values. The UDC8 1nput enable tahle addresses for each
. p. '

selected box are set to the address and field o the waiting“input routine,

/

and the box number is encoded with the field bits. Since other.boxes may

. ‘ }
have different parameters, the requeZL for MAXIMA is re1tefated If there.

\ L4
is no additional input before the end of- 1nput character is entered the setup

.

_ is complete and the Uti11ty Area is eJected '
. SR

Button Box Inputgw1th Control Code, Loader. '"CATTS2" is the command to

. 5

\v
. :\
&,
~ e,
- N
4
-~
» ‘.
- -
’ .
-~ *
d,

load and setup the cohtrol code version of the button box input program. Like

[

the earlier version, this loader block is separately read and_executedvif the
MemorylMap indicates its area is clear. The T‘pCH-TONE telephone, DATAMYTE
and DITRMA programs use this'version. ‘

The loader block first tests if the ear11er CATTS button box version is

loéded If not, the CATTS2 loader block is read and executed ’In addition,

the new. input rout1ne and the(Zontrol Code Test subroutine-are‘read and the

! . b

Memory Map is updated to show that these rout%nes are core resident.

The Interact1ve Setup routines for the two versions of button box 1nput

\

are preolsely the sameexcept for a different 1nput routine enable address,#

. . . ¢ ’ N
/ £
B B
7 g L
. B

§



¥ T ) . S

rd »

>, & .
] ) . " — , ..
," . A ' . ' ¢ . - : . ¢
- . oo . LT . . . o .
X \ N - T ¥ . (“ Do v
I and a promptywhlch identlfies this as the control code version.. Alsoy the{ '
B - S v
. MAXIMA PrOmpt routine 1k not re1teratad,after the box numbers are’ entered

< TOUCH .TONE Teiephone Loader, The ”BHOVF" command loads ‘the Telephone

4 v
\ ' . .

- . fnput routtne. The loader tests if the control code verslon is: core re51dpﬁt
: “r
S A %4
I If it 1s hot the PHONF loader hIock 1s read and exe;utey If the PHONE

: } -
. ﬂ\\Jj/lnputwroutrpe is notgreSJdent that program/és read and moved into place, the
o

!

3

-

lock Job routine is con\ected Oandr?he Memory Nap blt for the area of memory
\ ' a .
is set. | , Lo '”\‘ o o S

{ .
> s

R Since the telephone clock‘Job ass1gns a special use of the REEOS var1ab1es

4

.of boxes ro, 11, and 12, these boxés are not ussd for ﬁutton box data collec-

tion when the phone inputs are being used. So, the,first function the setup
. . - :

performs is to clear these boxes' enable addresses in the UDC8 enable table,
VY o
and then the REEOS and FQ@ var1ab1es in the -Box’ ‘Table Array The maximums

are asked for and the box Aﬁmber entered mui}%be 10, 11, or 12. If no digits

are entered for the maximum var1ab1es, the setup is aborted and the Ut111ty
e

r L ’
Area is ejected. _ # - o ®

DATAMYTE Loader. Since there"are‘two input programs for both DATAMYTE

. - i

couplers, there are two commands, 'DM1" and "DM2". The differences between

them are assumed input devices, memory resident areas, and Memory Map bits,
~ .

page zero variables, and box numbers. The loader first tests if the DATAMYTE

routine is already loaded. If\it is, the Setup routine is immediately initiated.

“

If not, the code .is read and moved into positioh, input is enabled, and the

i ~
. éOrre;zonding Memory Map bit is set. ‘ r//s\\ _ .
Y ' i, /
Q{ : e Interactive Setup asks for the maxjimums. A constant box number of
. N . .
S _ (d%-or“lﬁ is assigned The initial hs; on dode, wh1ch marks the beg1nn1ng of
v‘ .,’ £ N — c . . . -
. SR S " ‘ o :
. : : o ~N - 'é \ o
. P . Wed B
; Lo . . £ - ' |
., DR L3 )}

o ) P L B - - : gf /
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;

N -« ® :. . < ‘3,‘ "
. . ‘ ' ' ‘ - ' ‘ ' \ . »\’"’ " ."(41 r
.,the data session, As stored. - . L ‘ )-' ;{Q>j“-_' v
. X Other- functions”are provided for 'the opérator by Entering-certain letters
b - ’ - T " MLoase ' "
oo in response to the maximum's prompt, The operator tan 1nsert 3 control“code
: oo > ™ A IR
P Ta
--#,:“,»4 into the data file whlle the,tape is Fransmitting dava by/onterlngea iloiad :

'-"c v #o .’\ r/’.o'
followed/by\one dlgft of the requ1red control codex Previous data cak be e T
ignored 80 tha& a tape can be resthrted by entering an "S " Thefoutputjdevicq

‘. v . \j . Y . W

. is selected by enter1ng an "0” foldbwed by a one or a two. n or - %
. Instantaneous Feedback ' S 4
) . . ’ :
N : . * B Lt : R ¢ - -

. One of the functions of{the computer system is to feed the coded infor-
mation back to the classroom for the teacher's use. These instantaneous visual-
feedback programs .extract the data from the button boxes or TOUCH-TONE te1e-

’
- 3
)

ohone inputs. Only selected parts of the coded data are returned to the class-‘

-

room and used by the teacher. Therefore, some 1nterpretat1on and data reduction

is performed by display routines. This process, unique to edch type of feed-

- back, describes which coding events will be disnlayed back to the classroom,

ignoring some categories,~and keeping tallies of other categories or series:
of sequential categories called chains, and perhaps some ratios or other
5§ » , '
. VI R
descriptive g&atics. These figures can be relayed to the teacher)through-a
g .

closed-circuit television picture of a CRT display, or through an audio response

: Ln ~
unit playing prerecorded messages, The display may be of simple frequencies

+ of certain categories, a graph of a se1ected category moving across an alloted
EeN »

“time- line of a session, or h1stograms of se1ected catego‘ies or category chains.
The category processor 1nterfac s-itself to the data collect1on portion

by monitoring the intermediate file/buffer block, of the data collection routines.

Figure 21 diagrams“ hlS monltorlng process. )

At fixed in ervals, the 1nsert poinéer to the memory buffer of the 1nter-
;.
mediate scratch—pad f1le is compared to a local p01nt%r. If the insert ppinter
1")0 oL e t
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has moved, the stored datz/pOints ate extracted from the data through the
cke

local file pointer and ch

d. If new data is from the target input box,
that data code is used b the code processor. If the insert pointer has reset .

L tO the beginn1ng of the block the data sets are tested up to a special end-

of-data po1nter Then, the local data po1nter is reset appropriately, and
other data sets are tested until the ‘local pointer and the insert pointer are

equal again.

Cgmputer time for.this monitor, located at the beginning of the code
'processor, is obtained either by a self-resetting clock job, or if the feed-
back medium is the CRT, a counter in the background display” loop that checks

every 10 times the scope.is refreshed. The/éampllng raf//eepends on the
3 .

Tesponse’ t1me des1red for the feedback. /

/,‘

‘The interface between,xre code processor and the feedback medium depends ~

on what requirements are selected. Generally, for a display the v&lues are

stored in mailbox arrays, and, for audio, the message numbers are stored in
: !

y ‘a ring buffer.

‘_OROS Pnoject'Feedback, Figure 22 shows a picture of the CRT display used

or the Oral Reading Observation System employed in a demonstration project
v . ) S

at CITH. Thehpottom row. indicates the category being displayed, and the
\height of the column above it indicates the number jof times it was ched. ‘The
number ''10'" in the uppe; left indicates thejéount that signifies the top-of
the‘bat gfaph dispiay, If a column_frequencyvcount exceeds the top, all

column frequencies are cut in half, -the unit increment is halved, and a new

- ~ coufft of ""20" would be displayed on top. 1The\number 20" would replace the
> " displayed "]0." The bar graphs can diSplay~a maximum height of 80 entries.
& s ((/—\' , . : . S

T
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' During the OROS:demonstration study, the bar increments were filled

..“:

. when a part1cu1ar "correct" response code was’ detected following one of the .
 column codes, as 1n the "44" column.

. The code processor, as diagrammed in Figure 23, monitors the memory

14

huffer block of thé-{ntermediate data collection scratch file. A start- or

end- of - data code rqinit1a11zes ‘the mailbox d1splay array, sett1ng the d15played
. 5

-'frequezcies at zero and the scale indicator at 10. If the code helongs in

!

any of’the c lumns,,that column's cell in the common afray is incremented by

the appropriate increment value. o . “

The display of'the‘columhs,is done with small-size characters. A cohblete
column is 2 ch?ractér heighta high'and four half-characters wide. The top of
any odd co ummsJWhen the scale is 40-.is done with half characters.

7

In the second display version, utilizing filled and empty columns, the:
process‘t display these half characters become more complex. Besides

employihg the usual whole or half characters to fill top or partially empty

~columns, there are two other special cases handled with special dI¥play codes.
In one case, the transition from filled to empty space comes in the middl
of a_characterwheight, .ahd‘in the other,the same mid-character transition

+
rd

when the empty space is only that half;character tall.

The common Array Table is a series of locations, one’ per column, with a

possible range of zero through 40. 1If the value is zero, no column is displayed. ’

Otherwise, the value minus one is divided by two, and the resulting number of
" column side characters are displayed. If there is a remainder bit left over
from the division by two, a full-c¢haracter top is displayed. If not, the

half-cgaracter top is displayed.

‘\l‘
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The?Array:Table isfeipanded tb display two values per column in the
later version. The first value is the sum total frequency of the target e /F

category times the current increment. A po1pter remembers the most,recently

incremented column. If the second code of the selected two-codeHChain is

entered, that column's second value is incremented by tﬁé Currentrincremeﬁt
value. The second valueﬁis‘displaxed as a column,of characters filled.solid
with dots. The first»total frequency value minus the second is then used to
fiﬁish the column with the eolump side characters. | |
There are two independent'displays _each with its oﬁn sGOpe channel and

/
1nput box. For each display, the columns are first refreshed Then, the

scale indicator is displayed Finally, the bottom line of codes that are
s
counted for each column are displayed under that column.

.

%

The code pro;essor getslcontrol every tenth time the display is refreshed.

The TPQR Project Feedback.»Thé TPQR\pemonst;ption;project at CTTH-used

histograms ‘that were part filled and part empty. A’'code processor, common

\ mailbox array and column displ;x;similar to that deserlbfd above for OROS were
emplojed. .Figure 24--diagrams the display process fbrfleR feedback. In ii);

addition, a pre-programmed ratio was displayed'as a percent indicator. Also,

/ - § - .
under the idehtifiers of the*columns; a blinkdng‘arrow is'@oved_left or right

aéd%rding to Values.interpreted by‘the code processor. The processor checks
the intermediate file puffer block every 20 timesthe display is refreshed.
Only one display and input box number were used for this project. Figure 25
shows a picture of the display used in the TPQR project.

( ’ °
Loader and Setup, First, the Memory Map is checked for residency. If

g“”; resident, the_setup is initiated. _Otherwise, the load is done first, the

; program is read, the display is connected, and the resldency'bits are set in

A, ° %' .

s,

ci‘ 1")(\
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- - ’ L4

o the Memnry Map.

-

~ The setup,asks the box number to be.used as 1nput for the display

processor. If n%ne is entered that d1sp1ay is dlsﬂbled

Auditory Feedback

The Audio Feedback routine utilizes a remote-controi%able stereo tape

; recorder forﬁthe feedback med1um.. Feeﬁgack messages are prerecorded'on_a
contro}"channel under computer control. At the end offeach messaée, a mark
- . pulse is recorded on the second channel® These mark pu%ses are g::nted by

the processor at<fast forward and rewind speed in order to selectively positi;n//

.any message for transmission into the c1as}room. The messages on the tape

\ o are identified by a sequence number. ,\
(\ - ‘The conputer_has five remote-control lines from:a%drirer card in the
j uncs 1/0 unit'to the tape recorder: stop, play, re:ord,fast forward (plus
/// ‘ cue),-and fast rewind (plus cue). Onekcontrol'line‘éontrols.thp output from

~

channe1 one SO that the sound of‘the h1gh speed searches can be turned of f.

e

Input to the firsifchannel is the microphone Input to the second channel
is the output signal from a D-A module also located in the UDC8 unit. Output
rom thg second channel inputs into one of the.Schmidtfftrigger inputs of |
"the programmable clock which senses the mark pulses. An API’cibckhleuel task
counts this input and keeps the very short.duration timing required. Inter-
active operator control isﬁsupplied either throughva CRT display for instruc-
tions, and a button box for the operator's responses, or a teletypewriter input
and output handler. The interface between the clock level task and the inter-

. te . ~
/S : .

active operator routine is a messaée counter and a function switch in the

. oy

clock handler which can be set to; 1) rccord a mark pulse, 2) do a high-speed%N

. - ~
P : v

y «

Ve




;'/’?/;nating the output of theQQ-A converter every 5 milliseconds between zero and,
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search, or 3) play. The interactive routine is notified when the fﬁhcti{n.is

done.

The operator can record, position tg, and/or play a message. The message
- ‘ H

number at which the recorder rs currently positioned is kept by'thi§ interactiv
routine. The Record ;hnction asks(the operator to signal the start of a

. A\
message. The recorder automatically goes into the record mode, and ggﬁpeaker
transmits the messaée into the microphone. The speaker is then asked to ind}-

‘cate the end. of the message for termination. A background clock Jop keeps {%.

the recorder on for at 1east five seconds, and, when that indicator is entered

a 10-cycle, Onejtenth~second pulse is recorded on the‘second channel by alter-

-

. -t . . .‘. - \f
one volt. This pulse is_opfimized for the response time in ofder to detect a

pulse-driving forward/rewind speed up to 64 times the normal playing speed.

' i

A 2-sé/pnd pause then -allows the recorded .pulse to move past the tape E;corder v

- \

read head before the recorder is storped and the operator is again asked to

\ /.
\ 3

enter a system control option S " 5' ) N
These message markers are sensed by the clock lev 1‘taoks wheri a message .
is searched for or played back." This sensing is done at normal p)axfﬁpeed or

fast forward/rew1nd Each positive-going edge of thf 10 cycles ffges‘;he

Schmidtt tr1gger. To help elininate false pulses by line noise} each

edge is countedtand a 15-millisecond tlmef is reset, en that counter times

out, the count mbst be greater than six or those 065 will be ignored. This

sensing feature subroutine is called during a tape recorder function of play, \
fast ard, or rewind and with a count of the number of marks-to be tabulated
befo The’T ape Recorder Control routine loads the control driver
buffer/Twtch to select a Tape Recorder Control funckﬁqn, and sets -a backgro&nd
N o, - Lo Ay -
|
. . | 4 ) (% ) e / . I ) .
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ST ' ‘ —\
A ) elock task to clear the control driver in 12 secondsi'\\\ S

When a search|for a certain message number is to be done, that number .-

e i ‘.: - -~
) mustfbe‘a legieimage messagb‘number for the selected tape. The Recorder Control

. functions of rewind and fast forward are handled bv a search sgct1on of the

élock level task. The requi‘ed d1rect1on to séa\/h is caﬁ;ulated by comparlpg
L ry Ve
the current position with the requested position. When the proper number of

. . . -1 , :
marks are counted, the direction is reversed, and reversed again, and perhaps
- . : . ’ ‘ T

' again, each time tha? mark is passed, so as to put the tape directlv in'front of
the specified message-marker Then the recorder 1s stopped and the operator

- 1is asked to enter a control option ;he f1ve-second minimum message length
' :

g1ves t1me for -the recorder to change directions between message marks. The

-

play funct1on places the recorder in play and stops after the first mark pﬁlse.

The loader-makes the memo;;\resident test before reading the program.
j}i Because of:the special clock level task; it m;st‘be specially connected'tov
3 the APl Vector. Then the clock must be re1n1t1al;zed to enable the special
real t1me rate and 1nput port w1th 1nterrupt capability. The power fa;l/
' restart values for restarting the E’ggxammable clock are changed appropr15tely
The background clock JOb is connected, and, if the buttnn box-CRT display
operator 1nterface is used, the display is connected. The interagtive loop

" is-initiated before the loader ejects the Utility Area.

»

«
J )

Inter-Computer Data-Link

After a coded teaching session, a printed desc¥iption of each session/is

¥ 4

¥

gener;ted from th}fdata file. In earlier CATTS versions, t ese prograﬁs are

~
v (FOCAL) is run locally on the PDP-12. §1nce these: methods require that data

. "

{ written in agsembly language, and later, an interpretive h?;her level language

collection‘be(zgspended during printing, a distributed processing approach is

o . N ey _

‘ ‘ . : GV ) .

N
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* (SBN)} of the file and zeros.

. ; 4 . - v .
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: dléa With this, the Eata-line link to the CDC-6600 transfers the data file

< =
to the TELEX time- sharlng system, whlchthin generates a summary report from
~o 4

)

a program wrltten in FORTRAN. The report is théncawallable to the user through

the time- shar1ng serv1ce from any computer“termlnal' i

ot
Because of hardware, experlence turnaround time, “and. 11m1tat10ns, a dish-

up telephone line to the KRONOS/TELEX time-sharing system was selected over

q_z

N

a h1gh speed synchronous data 11nk de51gned speciflcally for 1ntermach1ne
/ «
communq:ation. o«

I4 . 5 \

One particular feature of the 1nteract1ve termlnal fac111ty suited .for

the time-sharing data transfer funct1on 1s the TELEX ''BINARY" input mode, which

allows 8-b1t characters to be collected in a file without time-sharing system‘fff‘
i . .

N\,
character translations. fpe end-of-input data signal to TELEX is a pause with
- 7,
no characters trd/sm1t d for two seconds. Each data get consists of two 12-

Y
bit words; the frrst is the time interval, and the«second is the packed data -
- ¢ . : .
word. Thus, “each data set can be sent as three 8-bit characters. I? addition,_ g

the first three characters sent are*two’lz-bit word sets of date and time of

session, the second three characters are hox number and number of data points,
\ - :

and the third three character sets are made up of the Startiné Block Number
, ~ on .
: // | )
A 1ongitudinal check sum ofﬁthe'lZ-bft Vafges is substituted for the end-
of-data code mark. '
'&he follohing are the functional steps for this data-linh.
1. The first step consiSts‘of establishing the call. Regular dialing

lines ‘are usedrxﬁgze method is to hand dial the TELEX time-sharing system

and cradle the handset in a modem. The alternative method uses

-
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- an Aﬂtomatic Calling Unit (ACU) % éall the~#ane‘numbér with an
! ] - - N .

- associ;ted Data Set as the modemn. e, . o .
# 5 ~ .- ‘ -
: 2. Logg1ng on to the t1me shar1ng svste qu1} es the enter1ng of

o _ . an "H'-"CR" to 1dent1fy transmss.mn sn€éd and’ “1" "Cy to select

.
<

, ~ the CDC- 6600 computer The operatvr.as then asked tg/enter user initials,
. 2

account number, and password. >~

EW,A" specifies "A" as the name of the prima;’ file to receive /
. ‘ AL L.
the gata. When the "BINARY' time-sharing command is entered, a prompt |

"ERTER BINARY DATA" is printed on the terminal. ¢‘ .
- ' 4. The SBN and log1cal ‘unit number of the f11e;to be sent from the
. PDP-12 are specified Q}e f1le in the form of characters, is the next
’ : str1ng of characters accepted hy TELEX‘éfter the ”BlhﬁeY“/comm d. The‘&

_l
\ PDP 12 pr1nts a prompt to the operator when Ehe last character thas been !

—
transm1tted. A two-second rnterval during.-which no characters are

received by TELEX, ends the binary rnput mode, : ne \

4

e

Ed
“~

S. Ih “PACK" command must be entered before any other tine sharing

' operaeiﬁ';7can be done This command glears a sort file fiag and nakes
file A one logical record A procedure file is then called &'Z" u&1ch
executes a FORTRAN progray. This program calculates its own checks&F |

N
of the file and compares it with the file checksum sent .by the PDP- 12

1
If they agree, this fr\e\is stored in'a permanent file 1}th an-indexed

entry. If not, an error message is grinted, and the file is retransnitted.' &

-

restarting at step 3.
<

6. At this time additional data may be appendedto the file, the file

/
.

may be translated, or a summary report may be geﬁﬁrated. “

- 1

= . - |
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Nhen 1nteraction w1th TELEX 33 completé, the command "BYE" logs - (
off the tine sharing system . .
;8. F1na11y, the te1ephOI hand set is returned tg‘1ts cradle on the R
telephone. In”the case of the.ACU1 thedﬁall request bit is‘cleared, .
/with the "HANGWCC" command. o _; j \ - T el .
The method usedn::r:;tablish a call w1th ‘he Automatic Ca111ng Unit to
TELEX employs six limés- from a UDC8 dr1ver card which provide four bits of a
telephone“number digit, one bit of a te1ephone number digit present signal, ¢
and one bit of a call request signal. One lire 1nto a UDC8 contact “sense
car indicates when to present*&he next telephone d1g1t (PND). One bit from
thedZEBompanying Data Set to the coﬁtact sense card is the carrier detector. !
This Data Set is connected to the PDP-12 through a three hundred baud serial .¢<

ASCII teletype multiple#xed port located in the DCO2 comminications unit.T
N t . 7 :

& . . - ,
_ \:‘The other manual method uses a modem connected to a second three hundred

¢ \ = . .

baud DC02 port. There are two versions of the transmit program which send &\

¢ -
. L
v

d///afa f11es . ‘ ) . ' toe

© A command ”CALLWCC” uses’ the Automat1c Calling Unit "to connect the two ’ L

\ +,

computers. In order to time the expected 1nteractive responses, a clock job
is “quick connected” to the background stream. The call request line is set .
high and must stay there for’ the durat1on of the call. The telephone lihe is

'

taken from the Data Set to place‘the call. -

Each t1me_the\ca111ng‘un1t is ready for another digit of the phone number,
it sets the presentjnext digit (PND) on. Thus, the program alternately (1)
sets the call request bit,only and waits éor.the present next digit line tob
-go high, and (2) loads the driver buffer with the next digit, the digit present

' bit, plus the call/request bit, and then waits for the PND line to go low.

125 =
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This 1oad-and-wait‘function is accomplished by a subroutine caliéd.hy

the ma1ntprogram It loads the dr1ver value, resets an a1ternate entry point
\1!\, .
counter "and sets the c1 k Jéb to return in .1 seconds. When control is

»

returned ‘the status of the PND line is read and returned to the main program.
‘ . ) .
Th1s vglue is tested and, 1f 1ts not~§$t, another entry point to this subrout1ne

resets the clock job to return another read1n§ of the PND, line in .1 of a

second. A count is kept of the number of times this alternate entry point
vv" .' b l ) - ‘ //\\
is used. - If this count'expires, the expected response is not received by the

s

. : s N B Y , )
“PDP-12 in the expected time interval, and an erﬁpr‘exit is made from the program

which prints an-error ‘message and ejects-the Utility Area.
)
+ To réfurn the telephone 11ne to the Data Set, an end-of-digit code is.

- .sent over the telephone‘number d1g1t 11nes. After a pause of eight seconds
7 ‘
follow1ng the last telephone number digit, it is assumed that the other end

4 ‘has had time to respond by answering and js sending the handshake signalsyz%
nqcessar}. 'Ifnthe call was successfui;.the carrier‘line should be high after
_about.two:seconds.' If the carrier lfhe.does go‘high, the program priints the
- success‘message and ends by “quick disconnecting" the clock job and'eject;ng
‘the Utility'&rea. If the line doesn't respond in fqur seconds, the program
prints. the failed message before end1ng ‘ D o ' e
Once theJca11 is established, either automatically or'manuall;, a progran
‘to enable the operator to interact'with the CbC-660g/time-sharing2§?§ten is
:o‘ui loaded. The commands "TMIXWCC” and hTMIT"fare ident; ' emcept for the data-
link'port used, which is determined hy the‘ﬁethod\with which the call was made;-
.Select and load ”TMITWCC” 1f the cali nas placed automat1ca11y: and select
}T" if the modem is be1ng hsed Roth of these commands stay in the Ut111ty :
Area uptil c1eared, which causes datahcoilection sort routines_to;he delayed'
L ; ?QZ;; . »’ T . N
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or ignored. "TMITAUX" is very similar but it occupies its own area of memory
‘and can select either port. All subsequent references to "TMIT" hold true

! \ R W ’ - ’
also for "TMITWCC." These Transmit programs are-a collection;ofsthree co-
routines. One routine waits for input from the data-link port and outputs -
those characters to the operator's console using the buffering routines pro-

vided by the Command Module. Another routine waits’ fg

input from the
: operator s console and outputs these characters h to the console printer
and the data- 11nk port No buffer1ng is required for the data-link output,

- so each character is sent out when it is received. The third routine re-

formats the selected data file and sends it out the data-link port as sequen-

[y

tial characters. s BN _ B )
| ‘The steps of logginngn preparing TELEX tolreceive'the file//sa;ing the
Jf11e,'se1ect1ng and generat1ng the feedback, and logg1ng off arefall done by
1 -c0mmUn1cating through the PDP 12 and the data-line link to the TELEX time--,
j;sharing system just as though the operator were at a term1na1 Every character
'typed ‘by the operator.on the teletype is output on the data 11nk port with
no‘1ntermed1ate buffering ‘XEach is ‘also echoed back to the operator s\te?etype
through a r1ng huffen. Since "TMIT" uses the Command Module's output ohff?ring,

carr1age returns (215g) are converted to 36's, and line feeds. (2128) are

1gnored.; Every character to come from TELEX is typed on the operator s tele-"

_type through that output buffer with the same spec1a1 character grans _ti

S

,q" ~ The input from the operator S, te1etype s also mon1tored for two control

characters. One of these is a control/T.. This is the feature that allows the
\

operator to se1ect a file from the permanent file storage space on the PDP 12

" and to transm1t”it through the data line 11nk to TELEX . S .
%

.

: The control/T initiates an 1nteract1ve routine which prompts ”Transm1t

=

.

Which?™ on_the PDP-12. The characters then entered on the opérator 's te1etype

¢
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are not sent through the data-link, but are huffered h} the systems CDRD

N N . ' : o
Cpmmand‘L1ne Input routine. When a line of input has been accepted, GETO is
called to get:.the SBN of the file to he sent, and transmission is initiated:

If an "A" is encountered before the SBN, the auxillary disk storage unit
: . ‘. r . ¢

number 15 is selected as the logical unit containing that SBN. When transmission

1

is complete, the prompt 'SENT'" is printed and the input from the operator's
teletype is reconnected to the data-line link. The operator must wait at

least two seconds after the "SENT'' prompt to end the TELEX BINARY input mode

v -

before entering the next command to TELEX. . >

The other control character from the operator's console that is monitored ,

.

by the 'PDP-12 is a control/E. This function prints 'Tﬂ%ﬁEND,” clears the two
inputs enabled from the;command‘console and the DCOZLdata—link port, ejects
the output\of the DCO2 data-link port and ejects the Utilitv Area, aliowiﬁg ' )

other routines and commands to use’ it. Figure 26 diagramf the inter-computer

data-link process. ’ ‘
The operation of "TMITAUX" is very much the same as+"TMIT." . But, since
this ?rogram is not a Utility Area command and uses the auxillary teletype, ,2

» . ! ) l‘.'

short substitutes for teletype input'and eutput are used. ”TMITAUXU has its }f$g

“own ring buffer and delete code. To e11m1nate the need for a text—buffer1ng4, £
.

£

routine, the 'TRANSMIT WHIGﬁ”"prompt and the 'SENT" 1nd1cator are reduced to ‘}f'

the 51ng1e characters of "S”land "Carr1age Return " respectwvely A speC1a1

Yy

lnput rout1ne does not ,buffer .a line of 1nput but accumulates an octal SBN

number fromqthe console 1nput.. Edfting is done not with the rubout key but

e
by re1n1t1a1121ng ‘the va1ue W1th another CTRL/T. Fntering a ”T” before the

SBN d1re¢ts the program to- lbok for. the file on LINCtape rather than the d1sk

t , o
s : . _ 1
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Aruitoxt provided by Eic:
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Y

4

PROG, FILE
AND
EXECUTE
“LOGOFF"|
———————
PROCESS .
- .
CALL
_|DISCONNECT

N '129' 1

MANUAL
WITH

MODEM

I

tmit"
OR
"TMITAUX"

PROCES 8 /—
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Ths loader checks to see if the required area in memory is occupied. If not,’

«

the_progrém block. is ‘read and the Memory Map bits are set. Inputnfrdm the //,

adﬁillary teletype is enabled. The data-I®nk port is optionally selected’
. . N J

according to the command input buffer. If a "13" is appended to the "TMITAUX't

v

command, the DCOZ\bort connected to the ACU is used. Otherwise, the manual

v

modem port is assumed. ‘Since there are no other users of these ports, qbthing
‘ P asai
. N L b . . .
- is scheduled on theloutput device handlers, and input is enabled to the

waiting routine. - | ~J ' f -
. - . .
An unloading command "TMLIAUU”'clears the program and allows it to be

reloaded with a different data-link port. First, the Memory Map bits are
tested to check whether a programwbcculieé that area in memory. Then a test

“ : . ’ ' e

) , & ‘ S

x is made on the first instrugxion of that area. If it's the correct program,

v~

the memory bits are cleared and the inputs are disabled. The data-link output
. . ' . . [y

« handler is set‘to "not busy.” - v ' 4
(Automaied 6ata—Linkf Initially, ény program that autoﬁatically sends.thé
files to TELEX must be simple and straightforward, Ar asaumﬂtion‘is.madegthat
‘@é -all interaét?ve,proqes;es?will opérate smoot! If .problems OQCJr, the ele-
’ menfary error recovery procedures must also provide documéntatioq on the
. . - \ ,
‘pfob}em areas. Since this functidn'occppiés the Utility Area, the operatibn ‘
must be fail-safe, with timers:ciocking éxpected.responses and counters ,
limiting retry i6ops wifﬁout retrying any step tbo_oftenx
The operator control initiaily required Is to add or'déiete the auto-',.3 ‘(4'

matic\send' g option. Thé.Autohatip'TraﬁBm%f program is added to the Sort
) . ) ’ . ’ ' - LI . ) .- 'r
function which uses the Utility Area. If t ansmission operates smoothly, this

function is not required to stay résident in memory. The ‘automatic version of /

s € R \
& "TMIT" does all ﬁCQ steps of the manual version, except steps six, seven,  and

’
-

eight.as outlined earlier. _ o . L
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o

Each box™s data f qmFURQ:Sess1on must he sorted before the next session
on that box ends. So, if each file is sent after it has been sorted, the log-off
> ‘
step is e11m1nated by not .requiring a re-dialing procedure for each file,

v thus increasing the\response time when)many files are being collected TELEX

automatically clocks inactive periods on terminals and automatically logs a

" user off after 10 minutes of inactivity.
\ -~

The automatic version mimicks the operator's entries in the manual
- ¢ "

operation. The function of sending a command and#waiting for the response

A )
B

is done by a '"'Send'. suhrout1ne 'Fach character of the message is transmitted

bv the DCO2 port and optlonally buffered for printing on tﬁe console dev1ce

-

A "CR" 'is transmitted at the end of each message . An ULF" character is expected

"tofbe tranSmittéd from the CDC-6000 immediately after transmitting the "CR."

5ﬂAnother prompt is expected to follow when the '""Send" command is completed hy

¢«
v -~

TEEEX; A l-second clock Job w1ll time out if there is no response to the

"CR."™ This error is.counted and the re-dialing code is called by the PDP-12,
.~ 4 If there is a returned response of a "LF" character, the clock job is reset
- o 17 seconds in ~-4 . oo detect the end of the next time—éharing prompt. - -

Each characte: “hat prompt resets the end-of-prompt timer to three seconds:

, A , ‘ : )
‘Three seconds after the last character of the time-sharing prompt is received,

the Send‘sJRroutine is exited,-usually to tranémit another'message;

Each character from TELEX 1a£xaved and optionally echoed on the console

)

device. If the Send subroutine is waiting‘for a response, thafi character is

passed for further . j#terrogation. ‘Any’messageéfreceived at an unexpected time

are optionally echoed but otherwise ighored. ) . - ’ A

Each c... .ger i§ optionally echoed on thefconsole device. If the PDP-12
&
sense sw1tch zero is.'set, the but(%@ box pr1nter buffer1ng code is called to

tyﬁe»that character. Before each tharacter is transm1tted out the DCO2 port

—i a ‘ - { . V‘ ! ‘  7 ; 11:: ) (f

vy
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[y

: : -~ . . . - o ' .
> F)to TELEX,{the carrier detect line is sampled. If it is not on, the carrier

must have dropped; This error is counted' and the re-dialing code is recalled.

5

y Communication checks are reserved to three go/no-go checks in the transmission
. . " . '
A
sequence . l . .
/ t ) \ : ‘ ‘

The call is placed Qith the code from‘the ”CALLWC?? tommand. An added
feature at the start of this.code cleérs the call request bit forﬁfive seconds -
to bg sure the phone line is'reédy for dialing. -Carrier detect must be estab-x

' lished after placing the call through the ACU. If not, this error is counted

aﬁh the re-dialing code is recalleg. This error exit is al§o used if the ACU
does not respoﬁd as expected.

fhe logging in is performéd by trgnsmitting an LH” fOIIOWea shortly by
the "GR." The brief pause allows TELEX to discriminafe the two characters.

A brief end-of-prompt pause is needed after transmitfing thé ﬁW”ZTCR”\'
in drder to wait for the time-sharing header aﬁd user?ﬁdentification prompts.
A Qalid log-in test checks iflthe last character recé&ved after transmiss}on

L .

of the initials, account numbe5, and password is a ''colon" from the "RECOVER/

SYSTEM:'"" ‘prompt returned by TéLEX. If'it is not, the user "id'" line is
retransﬁifted, up to three times. If the log-in check still isn't positive,

_the carrier.is monitored‘for up to six minutes. If all of {hf TELEX ports

are busy, any message from TELEX will reinif}ape the_program in ordér‘te
3 R
transmit the user 'id" line. If the "colon" ttansmission is garbled, the
timer elapsing will count that as an error and recall the re-dialing code.
ta N " . .~ ) X \
If TELEX isn't ﬁp or the carrier drops ﬁ?r any other reason, ghe carrier test

ﬁbeforg transmitting a character will count that error and‘rejdial.
i?ter,lg&ging in, the "NEW A" and '"BINARY' commands are transmitted.
' : o S .
The‘?ﬁle just sorted is then read and transmitted to TELEX with the same routine
D . i i ' 4oy
, _1_1‘J

Q ‘ ; . . . -
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that "TMIT" uses. The "PACK" and "-Z" cbmmands'are transmitted.
) ’ v . 4 8

The wait for the ”ac&powrnége” messﬁge from TELEX is somewhat longerl
J
Manual operation shows it _to be usually less than 30 seconds with no other

intervening messages. The né&£>time—sﬁaringbprompt,'REAny“ appears within

five seconds of the aqknowledge'message. Fach file sent must receive the

acknowledge signal of "AAAAAA.' e necessary, the fileitﬁ re—transmittéd(ﬂp d<

to three timeé, restarting with "NEW,A." If still unsuccessful,'this errofw?
: "\
will be coupted and‘thdﬂre—diaiing-code will be recalled.
‘The re-dialing codé will be recalled only twice. When thg error”count

exceeds two, the attempt to transmit this file ig aborted, and control is

A . : Lo -
returned to the Sort program to look for more sessions to be sorted. Other| ~

errors, such as program or data read errors, will alsqg cause this Automatig?
‘ [N
' Transmission program to abort. . ; . N ' ’ .
k , ) N
Currently, a‘'record of these untransmitted files is kept by the operator,

who can transmit them over with the manual methpds.' (

-

DITRMA

§ ) e 8

&
The:%ITRMA program assists in training an observation system by comparing
: ]

the coding entries from several observers and reporting on their agreement or

frd

\\\disagreement fhrough a visual feedback method. It is also used throughout an

4 e !
observation study in order to mi%btain the observer's catesc 1t nation
J :
abilities. The;ﬁ%aining site WAs up to six button bpxes, . s aLou tors, a VIR

é

remote-coptrol console, and a tone generator. The PDRiii ha: three i.odes’ of
- . -
feedback to observers. One of the TV monitors is gonnected to a YTR at the-

! cgmputer site which plays a video training tape. ‘A remote-control console

*

pro{%des VTR controls for reviewing previous segments of tape. The other TV
/

Ny h ‘ &

13-,

\)“ : - A } ;°.\  —
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¢
monitor is a closed-circuit connection with a TV camera which is focuSFd on . the

QCRT display that transmits various stdtus messages and code lists back)to the

¢ e -

training site: The computer also employs relay connections to the VER's remote-
R : , . o

' mputer X

s control start and stop.lines. Another relay turns the tone generator on and’

‘off for an auditdfy "agreement' feedback signal.
. »

.

Operation. Onrg of the button boxes used is designated the '"Master' box.

iy

It is used to begin and end DITRMA sessions, and to enter the ”cqnsensus”

code when a disagreement automatically stops the tape. To begin, the Master

( . .

box is switched on, identification gata is entered, and entering an "0011"

starts the VIR and begins the DITRMA session. Any of the other boxes can

begin-at -any--time ij{the session by switching the box or/ and éntering“the
"0011" code. DITRMA doeés not comparc the control codes "0011' and "0099,'”

or the identification data. Any bo# can drop out of.a session by entering the

[}

v

. ''0099" code»@n{ turning the switch off. - .o
. When ,the first code is entered, the PDP-12 CRT displays:
s - / . '
' ' . . ¢ CODE :
' ' ‘ ‘ /IW "/
iy .
INITIATED o

WheiNall first codes are ¢ntered, the brogrdﬁ compares the data. A short

' 3 .
feedback tone to the obsgrvers indicates ag cement. Otherwise, the training
' o ’ n 4
tape TR stops and the PDP-12 displays the disagreemegts., The code'list dis-

play format is described bélow. All the box‘lights are- turned off and np
further codes are accepted from the boxes. The trainees at this time discuss

their disag;abmentﬁand reach a mutually agreed-upon consensus., When the Master

2

. box is turned on, the consensus code is entered to restart the VTR,. re-enable

-~ input on all the boxes, and return the display to£ - , . }
. : ) @ -

b}
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L : ;
; ,».‘ ! . / !
~ - DITRMA :
Coding resumes from that point or the tape may be rewound to review the taped
’ ) v [ / .
material. N : i ‘ ‘ . t

¢
r

Observers are not restricted to enterlng the same code samultanepusly
An observer ma‘ be ahead of ‘the other observers 1F the observer has already veﬁ
coded the event that the others are currently coding and then codes a further

. o B | ,
event. The observers may vary in event synchronization by as many as four
codes. All extra codes that are displayed in the code list arye ignored after
- . ° ¥ , ’

the VTR restarts and must be re-entered. - *

To end a session, code '"0099" must be . tered on the Master box to stop

‘the VTR, and the box must be switched off. The other hoxes may do 1{38W15%£

. N -
> . v , w

as in an actual data collection session. : - { '

x

2

Routines and Data Structures,. The DITRMA program is“similag to the video
' ‘ 4 . . . .
feedback programs in that it has a code-processing sec“ion and a display,

refresh section. The code-processing section, however, requires responr
) ‘ ' . . .
to some of the individual characters.from the boxes, Theref e, . 2 cc

procgésing section is fimplemented similar to a Data Collection Input routine.

The first section provides hox controls and individual data code construction.

N

From.these, the ébdesfgfﬁﬁlqigectively buffered in -a Step Table Array prior

to the comparison and indicative response.
There are several different items kept in the Step Table Array. A step

is a row in the array wh1ch contalns codéﬁ from the boxes for the,same coded

event. Any code of an event ahead of the event being coded by the slowest
coder is stored in the next step row for that "box's column position. The
i . ’ . i

. . A+
column position for any box number is indicated by which position that box
: / . 1

number holds in a separapé afrayecalled the BRox Numberfqable;f;Any box can bg

115

N
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|

as many as three codes or steps ahead of the“glowest. The fourth row is used ﬂ

to indicate which step that column or box is curfently on. One column (seven)

-

. \gﬂ , -
.is used.to keep a count of the number of hoxes that-have made entries in that

.

step. Another'column (zero) is the all-codes-entered timer-for that step.

S Data is stqred‘in the intermediate data collection buffer under the Master

-

box's number, and is stored as a data f° _ vith a special format. When all

the coders agr=e on .an event or step, that consensus is stored. When there is

- 4

disagreemght and a code list display is generated, a special dataNflag is sto}ed;
followed by the error type and the data codes in step zero only. The cansensus code
| enteted ;n the Master box that_réstarts the session is also étored.

The begiﬁning box coﬁtfol sec¢tion allows the Master box to begin and

/;;, end sessions and p¢. ,.us the hox Giy/OFF and UP/DOWN functions, plus individual

digit buffering T ring : put routine. The number ~/

\ . . . . ' .
of activ. hoxes is .upi ny this section. The data code is packed on an ENTER

v

. : . >0
key. If any pack tests are positive, a type-two code list will be generated,

describinga specific coder error.
* 1 . ; :
Now the Step Table index for this box number is FheCked in théi?ox

N ’ 1
Number Table. If the current step number for this box is already at three,
the last step, the code list that says "TOO FAR AHFAD" is generated. If not,
the dataci?Q§aved‘at the current step number, and that step number for this

box is incremented.
e

@

) ‘ o
If this is the first entry to this step number, the ""CODE INITIATED"

text is moved into the display buffer area, and the all-codes-entered timer

P
»

‘ : . . ' . . | . . ’
for this step number is set to the wait time. This wait time is selectahle

under_ program control (DTIMER cormand). A clock job increments each step's

1

’

| » | ﬁ SN : - 51;1iv
ERIC | . '

Aruitoxt provided by Eic:
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~

:ktimer toward zero. If aﬁh boxes dial to enter a code, step zero's timer will -

reac zero, which generates the ,"TIME" code display.

If all boxes enter a cyde the number of entries for step zero will equal the

number of activeagpxes, and the timer will be reset. If each active box's data

codes stored in sﬁéb Zero are thé same, th? steps will shift; imoving theytimér, data
codes,‘and entries_coun% of step one to §tep zero, two to one, and three to two™e

étep three is Eleared:_ The current step indicators must be decremented by one. The
tone is fed back and, if there are no entries in the Step Table, the display is changed

k ad

to "DITRMA.'" If the comparison shows different codes, the "DISAGREEMENT" display

is generated.

E

The following cd&éx}ists describe what caused the error, display and also

list the cedes buffered in the Step Table. The display has the general format of:

"ERROR TYPE"

( Entry ”
Box 1 2 3 4 .
N U e e e e o e e o = - ————
S | (Master)j Data NData Data ~  Data
i * .
2 E Data ‘
] .
N ] .
3 : Datal'
] . .
4 i Data Data Data Data4
. . - .
5 E Data Data2
]

“Data from the Master box is in row 1. The other boxes are the following rows
in descendiné order. If any observers have entered more codes than‘dthers, these
extra codes ahead are displayed in that box's row in the ;e ;nd, third, and,
possibly, fourth data columns. Numbers subscribed ngkt.to various entries indicated,
in the formap;above refer to the type of error made’by.the-coder. A description of
-érror types follows: *

1. ERROR TYPE: DISAGREEMENT

Probably the most -frequent, the conflicting‘coéES can be seen in the first data
f‘/

a .. "
column. : :

. ' . ’ 1‘;(w

J Vs
Qo . . \\\ - | © /
ERIC \
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2. ,ERRNR TYPE: ERROR \.
The CATTSDaté Collection program makes some tests on the digits entered
as a data code. If one of these tests fg positive, the violatingsdigits

will be followed by an ak", . . o

e ) " L

Those tests are: ; ’ . A
¥y .

-a) "Code exceeds a maximum for that level.

b) Too many digits have been entered. ‘ay be caused hy not ending
! i
, ' the previous code with an ENTER key.

u

c) No digité before the ENTER key. A M s in that colymn.
*3. _ERROR TYPE: TIME

When an observer codes somethinggand the CODE INITIATED meSsage is

7.

d%splay d, all the others must f0118w with SOmething=in a presem>amount

heN - i . . .
of time or a timeout will occur. A timeout timer is running anytime
p ) . . :

CODE ;NITIATED is displayed.
f

4. ERROR TYPE:< TOO FAR AHEAD \ : \
. ~ . ' / ! e
¢ Caused by one fast coder being five codes.ahead. * =~ /
. AN

. ' LI .
After the data from the Step Tawﬂe is displayed, the first step (zero) 15‘3\

" stored in the data collection buffﬁf, and the Step Table is cleared. All the

\

/. ’ lﬁ\-»—-—_». ) ' g i
box lights.dre turned off and codes areé not accepted. The VTR stops and the
’ + . " o T ©
lockout switch is set which causes qllfcharactéf;/;rom the boxes to bé ignored.:

‘In five seconds, the lockout switch is changed to look_forncharacters from thg>
¢ * . _ . . ‘ ‘
Master box only, and the Master box lights are turned back on. - kWhen the con-

sensus code is entered, it is stored in the data Eollection,Buffer, "All box
. . ' " { ) " .

lights are turned back on and the lockout switch is cledred to accept data

. \; . - . N ‘ v

from all the bdxes. The VIR startsﬁagain and "DITRMA" is displayed.

The display refresh routine simply displays the packed 6-bit characters'._
N s N - v . \ )
<

-

P e U . 140 .
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currently in the display buffer. A routine moves a Tequested text list to

the‘beginﬁing of this display huffer. The code Iist)generator then ”prints”
\ . . ; ’ ’ .. .

‘phe or two digits per number .and asterisk, space, and CRLF characters where
appropriate into the display buféer. , ' ' )_ R \

'Ry

" The VTR and tone controlq are manipulatéd hy setxlng a h1t in the relay.

buffer Then a clock job is set to clear the buffer in two seconds, produc1ng

a
»

a short pulse rather than a cont1nued ON/OFF, or tone 51gnal. The VTR can
be set so that\the picture will remain recognizable when stopped and restarted.

A 'nonstop" ‘mode of program operation alters the Code List function to

AY

elminate the VIR stopping and waiting for the consensus code. Instead, the

code list is generated, the data stored, and the Step Table shift is called
. v/ .

I . .
to pregpare the Step)Table for continued data entry. If data codes for the

same event become stored in different step numbers, the all-boxes-entered
’ ‘ . . N X 3
timer will resynch the input codes after a pause of that length with no codes

being input.

Loader S1nce the DITRMA program uses the Button Box Input rout1nes, the
— 5 Y
loader makes certa1n that they are loaded hecfore checking: and' reading 1ts own .

routines. If successfully read,‘the"display and clock jobs are added to the

-

appropriate lists. The page variables'are moved into place and the Memory -

Map bits gre set to '"busy," o ' : g ‘ ' R

The DITRMA interactive’ setup is similar to the button box setup and re-
._ . B . - . . /'

quires’additional variables and tables to be determined. First, the "MAXIMA"
query 55 promptedxiiieh sets the,packkparameter for the Box Taple. This data
is.aisei§§ed to set a number-qfalevels.indicator.and a number—of—digits-per;’
level table in the code ligt generator. The responses to the BOX NUMBERS

query specify which Boxes will ha%e their inputs ehabled to the DITRMA input.
] . 1 , :

.
%
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o . CHAPTER 6 - C .

Conclusions
S

TN oo -

4 . ‘ [ - )
-+ Technical Experience with CATTS- = (\ . ‘e .
I Preservic Inservice deﬁonstration-projeets' 'Data (;21ection CATTS

A4

programm1ng‘vas 1mplemented to relieve the observer from spending, too much

)

time with the ted1um of mechan1ca11y éntering observat1ons.into the butﬁon

box, which might take away the observer s attention from the teachingfsitua-
N

P
tion under observation. The observer need only d1scr1m1nate the~behav10r .

1

to be coded and press thetappropr1ate category number 1nto the button‘pad

'matr1x, then press the ENTER button to complgseaehé/zategorzlobservat1on. L

&

If the observer is aware of an’ entry error before ‘the ENTER key is pressed
the SKIP ‘button is pressed and thescorrect categorym1s re-entered~before

pressing the ENTER key. CATTS automatically sensessthe SKIP key and clears

the initial data buffer to allow for re-entry of the”eorrected code. CATTS -

also reeogni;es'ap'ENTER key}that is pressed without category data pre-~
ceding it and ignores the mistaken entry. An error message is then printed
on the monitbr teleprinter which identifies’the "no dataieptry"'error‘that
was detected. | ’ .. ' ;
A data syntax check is also‘performed'by CATTS,.wh;éb checks the in- .
coming data for the expected';iﬁber'of buttonjehtries for each observation
‘and wbetherkor ndt the data eﬁtered eréeeds the maxiﬁum vaiue that the”.

[

categorﬁststem will allow. Both’of these errors are also.igﬂbred by CATIS,

and appropr1ate messages are pr1nted 4 |
/fs o The messages that are pr1nted on the console 1dentify either poor
_or incorrect cod;n;@procedur:s by‘the observer, or a faculty button box
configuratlon, The data system se1f check1ng ab111ty prov1des the observer

with the 51mp1est procedure for data entry and re1ease5 the observer s .
. . B . l r"{‘ 4" - . i ‘:,

L TTTTTN———
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.';tttention to the data collection tasflat hand.
Most of the technlcal problems encountered w1th the development of
the CATTS data collectignaconflguratlon occurred with the/early DATAMYTE

portable collectlon systems. These portable data collection systems re-

3 s

a corded the data onto magnetlc tape cassetteskfor decodlng back through the -

1

computer at a later xlme. The h1gh degree of error 1ﬂ§roduced by th1s

_ aule tape-data,transfer system caused missing data problems and data drop-
outs. The battéTY power supply of the early DATAMYTESalso led to missing -

sesslons\xhen the batter1es failed durlng data collectlon._ Since then, the
_Eb Electro General colp?p& has marketed 2'new model DATAMYTE which e11m1nates

the audlo tape SySme and stores ‘the data ‘internally 1nto a solid-state

memory chip. Recengﬂexperlence has 'shown that the new DATAMYTE data collec- - .

3

thﬂ system has. beon rellable in the f1e1d
TOUCH- TONE telephone daTa col}ectlon has - also‘been shown to be a.
,rellableanethod of,dota col%ectlon,~but is dependent "pon,§b§'¥nt§3rlt¥
of the telephone line supplied by the telephone-company; A demonstration
project in Hammond, indiana 220 miles from Bloomington. was completely
successful wh11e a’ proJect in Ind1anap011s 60 miles away, exper1enced _
"~ telephone 11ne trouble\between the two crfles Locally, there has been
no data collection trouble with the telephone system whéch proved to be

as reliable as d1rectly connected button boxes

Preservice/Inservice demonstratlon projects: Feedback. Data summary

feedback and instantaneous feedback to trainees at the data collection'

: d 'sites has proved to be reliable The 1nstantaneous video feedback app11ca-

t10ns have been teChnlcally successful from ‘the beg1nn1ng, limiting the

1n1t;al problems to the development of what to display to the trainees at

-

the teaching site. These‘problemsjffge instructional in nature and dealt

o S Sl

N
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decisidns‘ré}arding.complexity of feedback evéilagie'iﬁ re
ﬁch information can be décoded by thé treinee.in a real-ti
The sumﬁary pfintout~feedback has progressed through a ser
opmental eteps all focused ;pon the ab111ty~to get the pri
ee\in the shortes; possible” t1me InitiallyrfCATTS was-no
ice s{ﬁﬁary printouts 51mu1taneously during real- t1me data
1ntouts had to be generated after data collecthq,§g§§}gps
d. As CA ' \;volved,'the printout responsibility was tern
ampus cbmpﬁter centeréso that a p}intout-could be geﬂergte
sharing terminei sedﬁ éfter‘the data was collected, trénsm
d at'thefcpmputer’ceeter ffoh the PDP-iZ, eitherieutomatic

- \
tor initiated The placement of the data summa resgpnsi

ampus time- shaJimg System also permitted the use of higher

(i.e., FORTRAN) for programming more flexible and compreh
ries. This dec151on released the PDP: %2 CATTS operating s
nsible only for the data acqu151tion control processing, a
stozgge and summary protessxng to aplarger time-shazing co

ore efficient processing and simplifjed programming) applic

DITRMA Training. 'Because DITRMA training is limited at.th
tly connected button‘boxes, video %eedback dispiays from 't
emote-control of the 1-inch VTR for training materials, no
ems have been experienced: After iﬁitiai ;;;iliafization
a and'its controi,'ell training sessions have been.success
ed opt. As weuld be expected, the succeSs of the training
ds upon the Observation system being trained and the vifua
tional materials Ehat adcoméeny.the training package.

15
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Reliability of CATTS functions

As outlined in the software sectionm of this manﬁa1; the CATTS;operating
and data collection system is compbsed of many routineéﬁ\nat a1l must func-

tion rellably in order to respond to the real-time collection, storage, and
)
[ - feedback of the data. Other than developmental problems, CATTS has been
- - ]
. reliable and accurate from the beglnnlng, with a minimum loss of data.

“The - DP-12 "hardware system has performed very well, with a low-record of .
machlne fallure %nd down t1me Both software and external hardware backup

systems have been,;nstalled from the peginning to insure a minimumfloss of
raw observation data due to any h%lgﬁige malfunction, either in or external
: . . o . ' '

y . , . ]
- .to the PDP-12 system. T R “> . RN f-

~

Costhffectiveness d%'CATTS . ', p .

. | ' ' Experlence galnéd in tye development of both the hardware and soft-
- ware co ents of CATTS has led to the ability of the system to collect
and feed back data from many sites simultaneously. The current input
‘capab%lities are, 12 real;timegdata ports channeled through the UDC8 sub-
- system and two off-lineg;§§ll‘ports for DATAMYTE data in the-DtOZlcommunica-'f
tions‘dnits.' The loglcal expansion -of both input systems is a simple matter
of addlng only'the,lnpnt'expansion.hardware and making minor changes in the |

software routines. The software has been written to accept additional input

L
~.

sources. -

o . The summary feedback system based at the campus computer center has

w

provided an unlimited resource for access into and summary of a very large
data base from any time-sharing terminal on campus or throughout the state

of Indiana. . o,
7 _ . , ) )

The two CATTS functions of data input and; output can .provide service

/

to many classroom appllcatlons w1th a minimum of additional hardware costs

L The hardware add1t10ns for expan51on only exist at the data collection-
e '
N 1




. for real timé‘data collection digg;ay and control functions.
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PDP-lZ site and require very little software updates. The DATAMYTE data
collection pr0cess has also been transferred to the campus computer center

througﬂ any time-sharing terminal leav1ng pPDP-12 CATTS responsible only -

«3

N &
CATTS Technical Future '

the functions for the analysis of prpéess-type observation data.

EhTTS is not just a specific hardware configuration,ﬁﬁfvrather a

methodology which can take‘many variations in its configuration to fplfillh

CITH/I U. Central Network Through the application of telephone

-
communications, the current - real -time hardware/software configuration

located at CITH 2t Indiana University'would serve the needs of data collec-

tion on feedback requests for Bloomington and Indiana cities reachable by '

‘I.U. network telephone lines.. Real-time data collection would take place

with TOUGH-TONE telephones for locations remote from the CITH location.
Summary printouts would be available on the Indiana University Computingﬂ
Network (IUCN) which has special time-sharing localltelephone liéz% to all

A

State-supported)campuses throughout ‘Indiana. DATAMYTE data would also be A

' processed thronghathe LUCN.

R .

National Tine—Sharzng Network ”“ﬁhe extensioﬁ of CATTS functions into =

a n}tional time-sharing network would extend the data collection and summary
requirements of DATAMYTE data applications to users an&where in the U.S.
throughblocal telephone calls from locally accessible computer,terminals.

A demonstration of this application is currently in operation atvthe BOCES
Pinesbridge School located in Yorktown Heights, New York Data is collected
on DATAMYTES and then transmitted to .a national time- sharing network for

summary processing-and storage. The same software programs now are also

accessible to anyone at any location who has permission to use the system.
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Portablé DITRMA qnits. Development is currently underway .at CITH-to
;rovidé forfhbie microprogessor-controlled unit& thét will provide re-
vstricted DITRMA'functions to rgmote°locations th%i\are not accessible or
econom1cally feasible for prOV1d1ng real time or t1me shar1ng services.

- These will be self-contained units that will allow- DITRMA training of -
observation system anywhere, rgquiring only a VIR and monitor for showiﬁg‘
the training{ materTal. . —«

<> \I -
’ Mobile CATTS unit. The complete real- t1me CATTS conf1gurat1on can be

reduced in size .to fit in a small mobile van for transportat1on to class-

room sites throdghout the country. Application of CATTS services fipm a
“mobile van would require the van to be placed adjacent to a school or
.;entral facility that has teléphone line access to a number of schools.

"The van could then collect, display, and.feedba;k observation data to all

v 7
. locations. This application could be used in conjunction with an intensive °

inservice instructional training program..

. /
¥ L

x
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. Command List VA
. ~

‘ C .\.,
Console Monitor Comland Commun1cat1on

- rd

Typlng the "line .feed' key on the command teletype starts the cOm-

»

’ ¢
. / .
‘mand handler. ”3? is pr}nted. The name is the command 1tse1£i Some

A T . . i ’
( commands have parameters with the command name,. Others have an inter-
i . N &

‘active sgtup with prompts.

In the following examples of parameter lists, letters are used to
S o |
dénote variables, and letters enclosed in quotes, such as'"O", are the
actual characters to be USed for fﬁ/parameter Underllned characters,

/

words, and phrases are/printed by‘fﬁg computer. MGM is a’list of all

\\poss1b1e messages that cqglg/pr;nt and their measing, plus any action
S~ ¥ A i -

that mcy need to be taken. y; o
' . ' MéM System response: Possible solution: :
 NoT N INDEX Check spelling” N
- CAN'T READ INDEX . Check disk or tape-drive control switches
- } - NO BINARY FILE Notify programmer - '
L /j  URE BBBB - .‘ﬁchd*egror this block
.- ) ‘ ) - ) i - : ’ )
" CATTS Data Collcccion Commands o | ‘ . : ¢
CATTS
CATTSZ - ~o - \

, 7
These are the Button Box Input routines with the basic data storage
configuratioh. CATTS2 boxes use control codes. The intgractive setup

enagges input on the box numbers selected and defines coding parameters

for those boxes.

‘ -1!323 " . o o o
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g\\ MAXIMA I J K. | These are the maximum categor1es for levels 1, -~ -
e ) 2, and/or 3 : o b,

5. - SESSION LEQGTH L . -1f the machine ti\#e automatically end 5‘3éssion,
T | - enter the time in m1nutes, oth:;wlse entér 0.
: BOX #'s MNO . . . Up to 12 box numbers in the range 1 khrough 12.
: This Eetup is ended by pres§1ng:éR or‘BETURN

after MAXIMA.

\ MEM: Real-time Data Colle;tion ' - (/ - \ '
’ ON N HH:MM . Box N switcﬁed on at HH:MM.
(OFF N HH:MM  Box N syitéhed off 'at/’mi-m S
ANHEM S NO DIGITS CODED BETWEEN ENTERS on box N at- this
* ‘ o hour HH and minute M;ji
B N HH:MM CODE.EXCEEDED THE MAXIMA on box N at this hour
. , HH and minute MM,
T N HH:MM -TOO MANY DIGITS BETWEEN ENTERS on box N at this
hour HH and minute MM.
/ § PPPPBBBB - Sort not d?ne on earlier session. ) {
. “EzgéBB ' l‘ ”Baéking-Store-Write e?rq? on block BBBB, notify‘
e \Q,f \ -pr?grammer, “
MEM: Loade“ . . ‘ . L
. L ,
Console regqgsts: : — -
DATE'(QM, D, YY) Jan. 1, 1975 would be 1-1 75.
TIME (H,M) A 3:45 in the afternoon would_be 15 47. '
{. BAD READ - Could not read the program, :>\qpit 0 or 6
b not selectable.
-C . .. : Writéjlock;d.‘ -
i MEM BUSY Anothe; proéram occupieg-needed memory .
3 ] *

o o , oo | ‘“ S -“
e - - S0 B \




, G R
~ o : ~ ' -153- . _ ., o .
-~ M&H:‘#Qata Sort Process .. ) e /
~ SB N HH:MM BBBB Normal SBN number of box N. * (’ - ]
SN N HH:MM EMT ' . No data _codes or SBN. | 3
. o " SB N HH:MM BBBB P _ Partial, notify prograniine_}. S
~ SE UBBBB - ) ' Read or write error, ﬁstify programmer.z- w;
: L ° , : .
\ 'qD@ZAMYTE Input Commands : ‘ ‘ : o
.\' oM1 P . ‘ - . . .
. DM2 .
: ’ MAX I.J X "O" L "S" "C" M. _ ) ‘ . ".
1JK MAXIMA,.as in CATTS . | A
: DM1 is Box 13, DM2; 14. |
"0" L L =1 or 2, sets data listing on 1, the command console
X onvz; the auxillary pr}hgér.
,”S”‘ \Resfa;t'a tébe, ignoreuﬁnput from last fﬁpe.  ) 7. “‘,'.
e M M =1 through 9 entered7where“appr9p£iét¢'cqnffplHco&e
—_ :
R o shpyld have been. C9 ghould give an SBN. .
Coding'efrar§ A, B, or C are printed after the 5imer digits.
[ MeM: DATAMTE Loader T
. /'i‘%‘_.ﬂ \ /Bad read when lo'ad‘i.n'g.
MGM : CAfTSfData Collection - s
TOUCH-TONE Telepﬁone Inpét Commands\ 4 J
PHONEn 1« . |
/ " Maxoas Same as’in CATTS2. | ‘
BOX ;'s ,10, 11, or lé.[ These boxes cannot be-used for'anyfhing

else when PHONE is lod ed. Any preyious setup of them is
°\ i cleared. lMust.enter CR after last MAXIMAS in order tb exit
.- - S " g : —

C ’ .SCtu . . i
ERIC- . P Lo 16
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. S ) . "/ ‘ :h N ) gw |
' Placing the call is the same as’ 5witc’ﬁmg -the b(ox onj ON N HH: MM, “
- e
rHanging'up‘is equivalenNo off; OFF N-HH m \1 ( ' N
’ \ -
% = To hang up a data set that did not do so automat1ca/11y, depress
: the talk button on the data set, liftﬁthe rece1ve » .and hang up
. ) mv o < - ' S .
- » MGM: ..Loader o . e ;
- ‘ o (4 - H ] ‘/.
_.zP - Bad read w 'en/s_loading'. i | / R
MEM: CATTS Data vCofiection' - S ‘ /
, ) - o . . \ L. RS . "‘ )
o A S !
- I e ¥
Auxiliary Commands ' C { -\,/& c ' hd < ,
/ o : o
OFF N Thls is the equ1va1ent of sw1tch1ng angA'I"I‘SZ box, ofj Notify the
. programmer whenever th1s “15 used. Lo 2 .
A 'O_f_ N i 15 ° Box Number ‘1’:} ) ‘ 